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Abstract: Palaeozoic rocks crop out across large areas in the İstanbul region. The Palaeozoic sequence starts with the
Lower Ordovician fluviatile and lacustrine deposits (Kocatöngel and Kurtköy formations). The area was transgressed
by the sea during the Late Ordovician–Early Silurian, represented by the feldspathic quartzwacke and quartz-arenites
of the Kınalıada and Aydos formations. The basin became progressively deeper and more stable during the Silurian
and Devonian. In this period, micaceous siltstones and sandstones of the Yayalar Formation (Upper Ordovician (?)–
Lower Silurian), shelf-type carbonates of the Pelitli Formation (Lower Silurian–Lower Devonian), fossil-rich micaceous
shales with rare limestone intercalations representing a low-energy open shelf environment (Pendik Formation, Lower–
Middle Devonian) and nodular limestones, formed in an open shelf to slope setting (Denizli Köyü Formation, Upper
Devonian–Lower Carboniferous), were deposited. Lower Carboniferous black lydites, which form horizons within the
Denizli Köyü Formation, and also constitute a marker horizon at the top of the formation, imply a source with a high
silica content. The basin, which was tectonically stable from the Ordovician to the beginning of the Carboniferous,
became a site of turbiditic flysch deposition (Trakya Formation) and tectonically active during the Early Carboniferous.
Tectonic movements in the Carboniferous–Permian period resulted in the deformation and intrusion of the Permian
Sancaktepe granitoid. The Variscan deformation probably involved east–west contraction resulting in north–southtrending asymmetric folds and thrusts, which resulted in the uplift of the region, followed by the deposition of Permian
(?)–Lower Triassic fluviatile red clastics over large areas.
Key Words: İstanbul Unit, İstanbul Palaeozoic, stratigraphy, Çamlıca hills

İstanbul Paleozoiki’nin Stratigrafisi ve Bazı Yapısal Özellikleri
Özet: İstanbul bölgesi Erken Paleozoyik (Ordovisiyen)–Kuvaterner aralığını kapsayan jeolojik zaman diliminin önemli
bölümünü temsil eden kaya stratigrafi birimlerini içerir ve bu süreçte etkin olmuş önemli tektonik olayların derin izlerini
taşır. Paleozoyik, Mesozoyik ve Tersiyer yaşta kaya birimlerinin yüzeylediği bu yörede, Erken Ordovisiyen yaşta akarsu
ve göl ortamlarını temsil eden karasal çökeller (Kocatöngel ve Kurtköy formasyonları) bölgenin yüzeye çıkan en yaşlı
kaya birimlerini oluştururlar. Erken Ordovisyen’de kara halinde bulunan bölge, Geç Ordovisiyen–Erken Siluriyen’de
Kınalıada ve Aydos formasyonlarının feldispatlı kuvars-vake ve kuvars-arenitleriyle temsil edilen bir transgresyonla
başlayan, Siluriyen ve Devoniyen’de giderek derinleşen, tektonik bakımdan duraylı bir denizle kaplanır. Bu süreçte
yaşlıdan gence doğru, mika pullu miltaşı-kumtaşının egemen olduğu Yayalar Formation (Üst Ordovisiyen(?)–Alt
Siluriyen), şelf tipi karbonat çökelimini yansıtan Pelitli Formation (Alt Siluriyen–Alt Devoniyen), düşük enerjili açık
şelf ortamlarını temsil eden, bol makrofosilli, seyrek kireçtaşı arakatkılı mikalı şeyilleri kapsayan Pendik Formasyonu
(Alt–Orta Devoniyen) ve açık şelf-yamaç ortamını temsil eden yumrulu (sucuk yapılı), şeyil arakatkılı kireçtaşıkilli kireçtaşının yoğun olduğu Denizli Köyü Formasyonu (Üst Devoniyen+Alt Karbonifer) çökelir. Denizli Köyü
Formasyonu içinde ara düzeyler halinde yer alan ve en üst kesiminde klavuz bir düzey olarak izlenebilen yaşta siyah silisli
(lidit) çökeller (Yürükali Üyesi, Baltalimanı Üyesi), havza yakınlarında, yoğun silis getirimine neden olan volkanizma
vb bir kaynağın bulunduğunu düşündürür. Ordovisiyen’den Karbonifer başlangıcına değin tektonik duraylılık gösteren
havza, Erken Karbonifer’de filiş türü kumtaşı-şeyil ardışığı (Trakya Formasyonu) ile temsil edilen türbiditik akıntıların
etkin olduğu duraysız ortam karekterine bürünür. Karbonifer–Permiyen aralığında etkin olan tektonik hareketlere bağlı
olarak, Sancaktepe Graniti (Permiyen) ile temsil edilen mağmatik sokulumlar gelişir. Olasılıkla Variskiyen hareketlerin
etkisiyle havza günümüzdeki yönlere göre kabaca D–B doğrultulu sıkışma sonucu K–G eksen gidişli bakışımsız kıvrım
ve D–B yönlü bindirmelere sahne olur. Bu hareketler sonucu karalaşan bölgede Permiyen–Erken Triyas yaşlı kalın
karasal birikintiler (Kapaklı Formation) geniş alanlar kaplar.
Anahtar Sözcükler: İstanbul Birimi, İstanbul Paleozoyiği, stratigrafi, Çamlıca tepeleri
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Introduction
The city of İstanbul, built on both sides of the
Bosporus, covers an area of 5400 km2 between
the western end of the Çatalca Peninsula and the
eastern end of the Kocaeli Peninsula (Figure 1).
Two major pre-Late Cretaceous tectonostratigraphic
units crop out in this region, separated by a major
tectonic contact (A.I. Okay et al. 1994; Türkecan
& Yurtsever 2002). One of these is a metamorphic
massif named the Strandja Unit and the other is an
unmetamorphosed sedimentary sequence, called the
İstanbul Unit. This paper describes the Palaeozoic
stratigraphy of the İstanbul Unit.
Cenozoic sediments cover the Strandja
metamorphics and the Carboniferous Trakya
Formation on the European side of İstanbul.
Palaeozoic sedimentary rocks and Upper Cretaceous
volcano-sedimentary sequences, separated by the
Şile thrust, crop out over large areas on both sides
of the Bosporus and on the Asian side of İstanbul.
Study of these sequences is made difficult by the
extensive urbanization, which has destroyed most

Figure 1. Satellite image of the İstanbul region.
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of the natural outcrops, by the strong tectonism
affecting the Palaeozoic rocks and by the presence of
similar lithologies of different ages. These problems
are somewhat alleviated through the creation of
temporary outcrops during the construction of
tunnels and large buildings.
İstanbul Unit
The Pontides consist of three terranes amalgamated
during the Cretaceous (Okay & Tüysüz 1999). These
are the Strandja, İstanbul and Sakarya units (Figure
2). The İstanbul Unit, located along the southwestern
Black Sea coast consists of a Precambrian crystalline
basement overlain by a continuous, well-developed
transgressive
Ordovician
to
Carboniferous
sedimentary sequence (Figure 3, Görür et al. 1997).
The Palaeozoic sequence was folded and thrust
during the Late Carboniferous Variscan orogeny,
and is unconformably overlain by Lower Triassic
and younger sedimentary strata. The İstanbul Unit
is separated from the Sakarya Zone by the Intra-
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Pontide suture and from the Strandja Massif by the
right-lateral strike-slip West Black Sea Fault (Figure
2). The Sakarya and Strandja uits exhibit Late Triassic
and Late Jurassic–Early Cretaceous metamorphism
and deformation (A.I. Okay et al. 2001; Sunal et al.
2011), respectively, which are not observed in the
İstanbul Unit.
The distinguishing features of the İstanbul
Unit are as follows: (i) It comprises sedimentary
sequences extending from the Ordovician to the early
Mesozoic (Figure 4). There are no pre-Ordovician
outcrops in the Çatalca and Kocaeli peninsulas, but
Neoproterozoic granitic and metamorphic rocks
have been described from the Bolu Massif (Ustaömer
et al. 2005; Okay 2008), where they are overlain by
the Lower Ordovician Kocatöngelli Formation.
(ii) The Ordovician–Early Carboniferous period
is represented by stable shelf-type carbonate and
clastic deposition and the Palaeozoic ends with
Lower Carboniferous flysch representing deposits
of the turbiditic currents. (iii) The Ordovician and
Early Triassic are represented by red sandstone and
conglomerate representing continental deposition.
(iv) In the Anatolian side, near Gebze, Permian
acidic magmatism is represented by the Sancaktepe
Granitoid. (v) The Variscan orogen is represented
by the folding and thrusting affecting the Palaeozoic
series, Permian plutonism and Permian–(?) Early
Triassic uplift. (vi) The (?) Permian–Early Triassic
is represented by continental detrital rocks with
basaltic intercalations representing initial stages
of rifting. The rest of the Triassic sequence forms a
transgressive marine series ranging from tidal, shelf
to slope environment.
Stratigraphy
In this section the Palaeozoic lithostratigraphic units
in the Kocaeli and Çatalca peninsulas are described
(Table 1, Figure 5).
Polonezköy Group
The Polonezköy Group consists of sandstone,
conglomerate and siltstone deposited in a continental
to transitional marine environment (fluviatile, limnic
and lagoonal) and forms the oldest lithostratigraphic
unit in the İstanbul region. The Polonezköy Group
is named after the village of Polonezköy, where there
820

are fresh outcrops, and includes the Kocatöngel and
Kurtköy formations (Figure 6).
Kocatöngel Formation
The Kocatöngel Formation consists of greenish
brown, grey laminated siltstone, shale and finegrained sandstone. It forms good outcrops along
the Yeniçiftlik valley, south of Mahmutşevketpaşa
and is correlated with the Kocatöngel Formation,
first described by Kaya (1982) northeast of the
province of Sakarya near Kocatöngel village (Gedik
& Önalan 2001; Tüysüz et al. 2004) . The type section
for the Kocatöngel Formation is the eastern side of
theYeniçiftlik valley, south of Mahmutşevketpaşa
(Figure 7); previous studies have not assigned a
type section or type locality for the formation. The
Kocatöngel Formation also crops out east of the
village of Akfırat on the highway connecting the
İstanbul Park race course and the village of Tepeören
and along the streams flowing into the Ömerli
reservoir between north of Esenceli village and the
road to Şile.
The Kocatöngel Formation consists mainly of
laminated light green, thinly- to medium-bedded
siltstone and mudstone with local fine-grained, graded
micaceous sandstone (quartz-wacke) intercalations,
up to one metre thick. A varve structure consisting
of dark and light silt-clay laminae less than 1–2 mm
thick are well developed (Figure 8), and constitutes
a distinctive feature, allowing it to be separated
from other Palaeozoic units, especially from the
lithologically similar Yayalar Formation.
Contact Relations and Thickness of the Kocatöngel
Formation – In the region studied the lower contact
of the Kocatöngel Formation is not exposed and it is
conformably overlain by the Bakacak Member of the
Kurtköy Formation. It shows faulted contacts with
the quartzites of the Aydos Formation and with the
Gözdağ Member of the Yayalar Formation.
In the largest outcrop of the Kocatöngel Formation
in the Yeniçiftlik valley, the formation is about 2200 m
thick, based on bedding attitudes and the size of the
outcrop. Apart from rare coalified plant fragments, no
fossils have been found in the Kocatöngel Formation.
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Table 1. Palaeozoic stratigraphic units of the İstanbul Unit.
FORMASYON

Trakya Formation

Denizli Köyü Formation

Pendik Formation

MEMBER

SYMBOL

AGE

undifferentiated

Ct

Early Carboniferous

Küçükköy Member

Ctk

Early Carboniferous

Kartaltepe Member

Ctkt

Early Carboniferous

Cebeciköy Member

Ctc

Early Carboniferous

Acıbadem Member

Cta

Early Carboniferous

undifferentiated

Dcd

Middle Devonian–Early Carboniferous

Baltalimanı Member

DCdb

Early Carboniferous

Ayineburnu Member

DCda

Late Devonian–Early Carboniferous

Yörükali Member

DCdy

Middle–Late Devonian

Tuzla Member

DCdt

Middle–Late Devonian

undifferentiated

Dp

Middle–Late (?) Devonian

Kartal Member

Dpk

Early–Middle (?) Devonian

Kozyatağı Member

Dpkz

Early–Middle (?) Devonian

undifferentiated

SDp

Late Silurian–Early Devonian

Soğanlık Member

SDpsğ

Early Devonian

Sedefadası Member

SDps

Late Silurian–Early Devonian

İçmeler Member

SDpi

Late Silurian–Early Devonian

Dolayoba Kireçtaşı Member

SDpd

Late Silurian

Mollafenari Member

SDpm

Late Silurian

undifferentiated

OSy

Late Ordovician–Early Silurian

Şeyhli Member

OSyş

Late Ordovician–Early Silurian

Umur Deresi Member

OSyu

Late Ordovician–Early Silurian

Gözdağ Member

OSyg

Late Ordovician–Early Silurian

undifferentiated

OSa

Late Ordovician–Early Silurian

Ayazma Kuvarsit Member

OSaa

Late Ordovician–Early Silurian

Başıbüyük Member

OSab

Late Ordovician–Early Silurian

Kısıklı Member

OSak

Late Ordovician–Early Silurian

Manastır Tepe Member

Okm

Middle–Late Ordovician

Gülsuyu Member

Okg

Middle–Late Ordovician

undifferentiated

Opk

Early Ordovician

Süreyyapaşa Üyesi

Opks

Early Ordovician

Bakacak Member

Opkb

Early Ordovician

undifferentiated

Opkc

Early Ordovician

Pelitli Formation

Yayalar Formation

Aydos Formation

Kınalıada

Kurtköy Formation

Kocatöngel Formation
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TRAKYA
DENIZLİ KÖYÜ

LITHOLOGY

Approximate
thickness (m)

MEMBER

FORMATION

SERIES

LOWER
CARBONIFEROUS

Kartaltepe

30

lydite-shale
shale and siltstone

Acıbadem

400
40

Ayineburnu 40

Cebeciköy Member: limestone
lydite; radiolarian cherts with phospatic nodules
nodular limestone with shale intercalations

Yörükali

30

lydite-shale with rare limestone intercalations

Tuzla

60

limestone and shaley limestone

max 100

zy

PELİTLİ

60
270

Sedefadası
İçmeler

micaceous shale and siltstone with rare sandstone and
limestone intercalations, very rich in macrofossils

nodular limestone with subordinate shale

micritic limestone

40
60

reefal limestone

Mollafenari

70

limestone, marn, sandstone

laminated limestone with shale

Şeyhli M.: feldspathic quartz-arenite, quartz-wacke
Umurderesi M.: shale, siltstone with chamostic oolites

250

sandstone and siltstone

Ayazma

70
30

quartzite
Başıbüyük Member: conglomerate
Kısıklı Member: mudstone and shale

50

feldspathic quartz-arenite

200

quartz-wacke and siltstone
unconformity

k
Başıbüyü ıklı
Kıs
Manastır Tepe
Gülsuyu

Süreyyapaşa

Bakacak

>1500
1000

Gözdağ

500

YAYALAR
AYDOS
KINALIADA
KURTKÖY

limestone and shaley limestone
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0
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Şeyh rdere 11 40
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650

Ko

Kartal

PENDİK

at

ağ

ı

LOWER AND MIDDLE DEVONIAN

U. SILURIAN U. DEVONIAN
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Soğanlık

MIDDLE-UPPER (?) UPPER ORDOVICIAN UPPER
ORDOVICIAN
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ORDOVICIAN - SILURIAN

>

micaceous shale and siltstone
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e
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Explanation

Küçükköy
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UPPER
DEVON.

CARBONIFEROUS SYSTEM

İSTANBUL PALAEOZOIC

2200

arkosic sandstone, conglomerate, siltstone

siltstone and sandstone

laminated siltstone and shale

Figure 5. Generalized stratigraphic section of the İstanbul Palaeozoic sequence.
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THICKNESS (m)

MEMBER

FORMATION

LITHOLOGY

KINALIADA

GROUP

STAGE

SERIES

SYSTEM
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EXPLANATION

feldspathic sandstone, siltstone

Bakacak

Sürreyapaşa

KURTKÖY

Tremadoc (?)
Polonezköy Group

LOWER ORDOVICIAN

ORDOVICIAN

unconformity

~

1000

~

500

arkosic sandstone-conglomerate
purple, locally green, grey arkose, arkosic wacke
and lesser amounts of subfeldspathic lithic arenite,
lithic wacke with coarse sandstone and
conglomerate lenses; medium- to thickly-bedded,
poorly sorted, locally graded, parallel and cross
lamination, rounded, semirounded clasts of quartz,
quartzite, chert, feldspat, mica, magmatic and
metamorphic rock, intraformational silstone and
shale.

siltstone-sandstone
purple, greenish brown silstone and sandstone;
thin to medium bedded; near the base cross and
parallell laminated silstone and fine-grained
sandstone, in upper levels medium to coarse-grained
purple sandstone and pebbly sandstone; the grain
size increases up section, forms a zone of transition
between the Kocatöngel and Kurtköy formations

KOCATÖNGEL

siltstone and shale

~

greenish grey with a brown alteration colour, thin to
medium bedded, varved, rare intercalations of
micaceous graded sandstone (quartz-wacke); basal
contact not observed

2200

Figure 6. Stratigraphic section of the Polonezköy Group.
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Figure 7. Geological map of the region around the Yeniçiftlik stream (south of Mahmutşevketpaşa village), where there
are good outcrops of the Kocatöngel and Kurtköy formations.
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sediment fluxes into the depositional environment of
Kocatöngel Formation, is expected to elucidate this
dilemma.
Kurtköy Formation

Figure 8. Laminated (varved) siltstones of the Kocatöngel
Formation, right (eastern) margin of the Yeniçiftlik
stream.

Age of the Kocatöngel Formation – In the region
studied it has a stratigraphically lower position
than the (?) Upper Ordovician–Lower Silurian
Yayalar Formation. In the Central Pontides east of
Safranbolu in the Karadere area, it is conformably
overlain by the Lower Ordovician (Tremadocian)
Bakacak Formation, whose age is determined by
acritarchs (Dean et al. 2000). Its age is therefore Early
Ordovician.
Environment of Deposition – The distinctive varved
structure of the Kocatöngel Formation, defined
by millimetric intercalation of dark and light silt
and clay layers, suggests a lacustrine environment.
Absence of marine fossils and presence of coalified
plant fragments endorse the lacustrine origin for
this formation. As a varved structure deprived of
bioturbation may point to an anoxic environment,
primarily a product of seasonally freezing lakes, a
glacial or subglacial setting can be envisaged for the
deposition of the Kocatöngel Formation. But, on the
other hand, no contemporaneous glacial deposit
has been reported, until the latest Ordovician,
along the northern Gondwana margin where the
İstanbul domain is supposed to be located during
lower part of the Palaeozoic era (Chen et al. 2002;
Bozkurt et al. 2008; A.I. Okay et al. 2008; N. Okay
et al. 2011; Ustaömer et al. 2011). A detailed study
oriented to discriminate between glacial and other
agents responsible for the seasonal variability in

The Kurtköy Formation consists mainly of purple
arkosic clastic rocks. Paeckelmann (1938) assigned
the arkosic unit within the Upper Silurian ‘QuarzitSerie’ and described it as starting with a basal
conglomerate (Hauptkonglomerat) and continuing
with arkoses (Arkoz-Horizont). Haas (1968) named
the unit the Kurtköy Formation (Kurtköy Schichten)
after Kurtköy village on the Anatolian side of İstanbul;
Tüysüz et al. (2004) also used the same name.
The Kurtköy Formation crops out sparsely because
it is either built over or crops out in forested areas;
good continuous sections are rare because of intensive
faulting and folding. There is no suitable type section
for the whole Formation. The type section for the
Bakacak Member, constituting the lower part of the
Kurtköy Formation, is the right (eastern) side of the
downstream section of the Yeniçiftlik valley (Figure
7). The type section of the Süreyyapaşa Member
forming the upper part of the Kurtköy Formation is
on the E5 highway between the Maltepe-Başıbüyük
junction and the Büyükyalı stream.
The Kurtköy Formation consists mainly of light
and dark purple arkosic sandstone, conglomerate
and siltstone. Sandstone and intercalated laminated
siltstone dominate the lower part and coarse
sandstone with conglomerate lenses the upper part
of the sequence, these are called the Bakacak and
Süreyyapaşa members, respectively (Figure 6).
Bakacak Member – It consists mainly of purple shale,
siltstone and sandstone and is the lateral equivalent
of the ‘Bakacak Formation’ defined in the Çamdağ
region north of Sakarya province (Yazman & Çokuğraş
1983). The Kurtköy and Bakacak formations, as
defined by previous studies, are lithologically similar
and show lateral and vertical transitions causing
problems in identification, naming and mapping of
these units in the field. Therefore, these formations
are grouped as a single ‘Kurtköy Formation’, which is
divided into the Bakacak and Süreyyapaşa members.
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The dominant lithology in the Bakacak Member
is thin- to medium-bedded, parallel and crosslaminated siltstone and sandstone; the lower parts
show purple to brown colour banding (Figure 9);
upwards in the sequence the purple colour becomes
dominant and the grain size increases.

10 and 20%. The clasts are bounded by a clay matrix
and lesser amount of siliceous cement. The sandstone
types in the Süreyyapaşa Member include arkose,
arkosic arenite, arkosic wacke, and lesser amounts of
subfeldspathic lithic arenite and subfeldspathic lithic
wacke.

In the Yeniçiftlik valley outcrop, which comprises
almost the entire Bakacak Member, the thickness is
about 500 m. Good outcrops of the Bakacak Member
are to be found in the Anatolian side of İstanbul west
of Ataşehir, in the valleys south and west of the Soyak
Yenişehir housing complex, west of the İstanbul Park
(Formula 1 racing track), and west of Polonezköy
in the Polenezköy-Beykoz road cuts and within the
Acarkent housing project.

The conglomerate lenses in the Süreyyapaşa
Member comprise semi-rounded, locally graded,
medium-sorted clasts of milky quartz, quartzite,
chert, granite, gabbro, volcanic rock and schist, which
are strongly bonded by a coarse sandy silty matrix;
the clast size generally ranges between 1 and 5 cm
but locally reaches 10–15 cm. Contemporaneous
intraformational clasts of sandstone and shale are
common (Figure 10). On the E5 (D100) highway
between the Maltepe-Başıbüyük junction and the
Büyükyalı stream in the west, the conglomerate
exposed in the road cuts on both sides of the road
is over 100 m thick. In the uppermost parts of the
Süreyyapaşa Member there are conglomerate lenses
with well-sorted and graded clasts. These lenses can be
distinguished from those in the Başıbüyük Member
of the Aydos Formation, which have siliceous cement
and are intercalated with quartzites.

Süreyyapaşa Member – It forms the upper part of the
Kurtköy Formation and consists mainly of arkosic
sandstones with conglomerate intercalations and
lenses, ranging in thickness from a few metres to tens
of metres (Figure 10). The sandstones are purple,
locally greenish grey, medium to thickly bedded,
weakly to medium graded with parallel to crosslamination. They contain well- to medium-rounded
clasts of milky quartz, feldspar, mica, quartzite,
chert and magmatic and metamorphic rocks. The
percentage of durable fragments such as quartz is
over 50%; the amount of feldspar ranges between

The thickness of the Süreyyapaşa Member reaches
1000 m in the Yeniçiftlik valley section; there are also
good outcrops on the road to Şile between Alemdağ
and Ömerli villages and in road cuts in the ŞilePendik road in the section south of Paşaköy.

int

ss-cong

sls

Figure 9. Pink and greenish grey siltstones and sandstones of
the Bakacak Member, which form a zone of transition
between the siltstones of the Kocatöngel Formation
and the pink sandstones of the Kurtköy Formation.
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Figure 10. Coarse sandstone-conglomerate (ss-cnlg) and
siltstone (sls) of the Kurtköy Formation. The
pink, angular clasts in the siltstone (int) are
intraformational siltstones.

N. ÖZGÜL

Contact Relations and Thickness of the Kurtköy
Formation – The Kurtköy Formation is over 1500
m thick, and conformably overlies the Kocatöngel
Formation. Along the contact the thinly- laminated
purple siltstones of the Bakacak Member are
intercalated in a 40–50-m-thick zone with greenishbrown, finely-laminated silty-shales of the Kocatöngel
Formation, which can be seen along the east flank of
the Yeniçiftlik valley and in Polonezköy-Cumhuriyet
villages, in the section close to Cumhuriyet village.
The Kurtköy Formation is unconformably overlain
by the Aydos Formation.

Kınalıada Formation

Age of the Kurtköy Formation – No fossils have
been found in the Kurtköy Formation. It underlies
the Upper Ordovician–Lower Silurian Yayalar
Formation, the oldest unit in the İstanbul Palaeozoic
sequence, whose age has been determined
palaeontologically. In the Karadere region of the
Central Pontides 35 km southeast of Safranbolu,
quartzites regarded as the lateral equivalents of the
Aydos Formation are underlain by a clastic sequence,
which itself lies unconformably over a crystalline
basement (Arpat et al. 1978). Dean et al. (2000)
described a Tremadocian (Lower Ordovician) fauna
from the siltstones and sandstones of this clastic unit,
ten metres above the basement. Based on correlation
with this clastic sequence, a Early Ordovician age can
be considered for the Kurtköy Formation.

The Kınalıada Formation is well exposed on the
northern, western and southern shores of Kınalıada.
It is subdivided into two members: the Gülsuyu and
Manastır Tepe members (Figure 11).

Environment of Deposition –
The depositional
environment of the thick arkosic pile of the
Kurtköy Formation, especially the Süreyyapaşa
Member, was probably a complex of huge colluvial
fans developed in an arid climate at the foot of a
mountain range bordered by a normal fault system.
The Bakacak Member, which forms the lower 500
m of this formation, consists mainly of a sequence
of laminated siltstone with rare intercalations of
conglomerates and cross-bedded sandstones. This
unfossiliferous, mauve to beige unit may indicate
a mixed environment of ephemeral streams and
shallow lakes. This environment might have been
developed during the initial stage of the formation of
interconnected intracontinental depressions.

The sequence consisting mainly of feldspathic
sandstone and siltstone, which has good outcrops in
the Prince Islands, especially in Kınalıada, is named
as a new formation. Kaya (1978) described the unit
as part of the Aydos Formation as the ‘Kınalıada
subarkose-sublitharenite subunit’. Önalan (1981)
subdivided the unit into a ‘Kınalıada Member’ and
a ‘Gülsuyu Member’ and placed the former in the
Aydos Formation and the latter one in the Kurtköy
Formation. In this study the unit is named as a
separate formation after the island of Kınalıada,
where it is well exposed.

Gülsuyu Member – It forms the lower part of
the Kınalıada Formation and mainly consists of
sandstones ranging from feldspathic quartz-wacke
to subarkose. Its type section is at Kadırgataşı-Kaya
Burnu on the northwestern shore of Kınalıada,
where it consists of two sandstone horizons, a
brownish grey one at the base and a purple one on
top (Figure 12). There are also clean outcrops of
the Gülsuyu Member in the disused quarries in the
Başıbüyük-Gülsuyu neighbourhood of the Maltepe
district. The dominant lithology in the Gülsuyu
Member is a light grey, purple, grey, yellowish brown,
mottled, thinly to thickly bedded, locally laminated,
cross-bedded sandstone and siltstone locally with
ripple marks (Figure 13). The sandstones are fine
to coarse grained, graded with clasts of rounded
quartz, sericitized and kaolinized feldspar, opaques
and abundant mica flakes; the matrix is made up
of altered feldspar. Locally there are intercalations
of purple arkosic sandstone. In the type section the
amount of quartz increases upwards. The feldsparrich sandstones of the Gülsuyu Member are strongly
affected by hydrothermal alteration, especially in the
Prince Islands, and have lost their primary textures,
which makes it difficult to distinguish these types of
sandstone from dacitic volcanic rocks on the island
of Büyükada. The Gülsuyu Member crops out in
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50

LITHOLOGY

EXPLANATION

feldspathic quartz-arenite
yellowish brown, red, locally purple, medium to
thickly bedded; rippled with mud cracks, rounded
to semirounded sand size grains of quartz (70-80%),
feldspar (5-30%) and lesser amounts of mica

feldspathic sandstone
light grey, purple, grey with yellowish brown alteration
colour, thin to thickly bedded, locally laminated, crossbedding; sandstone and siltstone are dominant,
medium to poorly sorted, rounded to semi-rounded
grains of quartz, feldspar and opaque grains

200

Figure 11. Generalized stratigraphic section of the Kınalıada Formation.

the Başıbüyük and Gülsuyu regions, in the flanks
of the Aydos and Kayış Dağı mountains between
the Kurtköy and Aydos formations. Its thickness is
variable: in the Kınalıada type section it reaches 200
m, whereas its thickness is reduced to a few metres
on the north and eastern flanks of Aydos mountain.
The Manastır Tepe Member – The Manastır Tepe
Member is made up principally of feldspathic quartzarenites. It is named after Manastır Tepe on Kınalıada,
830

where it is well exposed (Figure 14). Its type locality
is Manastır Tepe and the quarry south of it. The
sandstones are pink, yellowish brown, cream, thin
to medium bedded with semi-rounded to rounded,
medium- to coarse-grained quartz (70–80%),
feldspar (5–30%) and lesser amounts of mica with
siliceous or clay matrix. Feldspars in the sandstones
are commonly sericitized and kaolinized. Crossbedding, ripple marks and mud cracks are common
within the Manastır Tepe Member. The sandstones of
the Manastır Tepe Member differ from those of the

N. ÖZGÜL

Figure 12. Cross-bedded feldspathic sandstones of the Gülsuyu
Member of the Kınalıada Formation, northwest
shore of Kınalıada, Kadırgataşı-Cape Kaya.

Figure 14. A view of the Manastır Tepe Member of Kınalıada
Formation. Siltstone and shale intercalated
feldspathic quartzite form dominant lithology.

depositional environment suggests a disconformity
between the two formations. In the Büyükada and
Gülsuyu-Başıbüyük regions, the Kınalıada Formation
is overlain by the Başıbüyük Member of the Aydos
Formation. Although the contact itself is covered by
hill scree, the attitude of bedding in both formations
is similar.

Figure 13. Close-up view of cross-bedded feldspathic sandstones
of the Gülsuyu Member of the Kınalıada Formation,
northwest shore of Kınalıada, Kadırgataşı-Cape
Kaya.

Gülsuyu Member in having a higher quartz content,
through a siliceous cement, and a pink to yellowish
brown colour as opposed to a brown to cream colour
in the Gülsuyu Member.
Contact Relations and Thickness of the Kınalıada
Formation – The Kınalıada Formation overlies
the arkosic sandstones of the Kurtköy Formation.
Although there is no angular discordance between
the bedding of the two formations, the presence of
conglomerate lenses with arkosic clasts at the base
of the Kınalıada Formation and difference in their

The thickness of the Kınalıada Formation varies
laterally; it is thickest on Kınalıada, where the
Gülsuyu Member is 200 m thick, and the Manastır
Tepe Member is 50 m thick. All of Kınalıada and
Burgazada and large parts of Heybeliada and the
northern part of Büyükada are made up of the
Kınalıada Formation.
Age and Depositional Environment of the Kınalıada
Formation – No fossils have been found in the
Kınalıada Formation, but its stratigraphic position
suggests that its age is Middle–Late Ordovician.
The sedimentary structures in the Kınalıada
Formation, including ripple marks, mud cracks,
and herringbone type cross-bedding suggest a tidal
depositional environment. The high percentage (10–
30%) of unstable grains such as feldspar and mica,
suggests rapid transport and deposition.
The Kınalıada Formation overlying the Kurtköy
Formation with only a disconformity, may record
the initial stages of a marine transgression. The
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Gülsuyu Member, forming the lower part of the
Kınalıada Formation, consisting of cross-bedded,
pinkish siltstone and sandstone layers exhibiting
ripple marks, may indicate deltaic environments.
The Gülsuyu Member continues upward with the
feldspathic quartzite of the Manastır Tepe Member.
Aydos Formation
The quartzites, which make up the hills in the İstanbul
region, were studied under different names by
geologists. Paeckelman (1938) named them the ‘Main
Quartzite Horizon (Hauptquarzit Horizont )’, which
he placed in the Upper Silurian ‘Quartzite Series
(Quarzit-Serie)’. The quartzites were studied under
the name of ‘Ayazma-beds (Ayazma-Schichten)’
by Haas (1968), ‘Orthoquartzite horizon’ by Baykal
& Kaya (1965), ‘Aydos Quartzarenite unit’ by Kaya
(1978), and ‘Aydos Formation’ by Önalan (1981) and
Tüysüz et al. (2004).
No type section has been suggested for the Aydos
Formation. Although most of Aydos Hill is made
up of the quartzites, they are largely covered by
vegetation and scree. Good outcrops of the Başıbüyük
and Ayazma members of the Aydos Formation exist
on the southern part of the Büyükada around the
Ayayorgi monastery and Belen hill; the southern part
of Büyükada can be considered as the type locality of
the Aydos Formation.
Most of the Aydos Formation consists of
quartzites (quartz-arenite); in its lower part there
are conglomerate beds and lenses and also local
siltstone-shale intercalations. The Aydos Formation
is subdivided into Başıbüyük Conglomerate Member,
Kısıklı Member and Ayazma Quartzite Member
(Figure 15).
The Başıbüyük Conglomerate Member – It comprises
the conglomerates at the base of the Aydos
Formation. These conglomerates are distinctive
because of the presence of milky quartz clasts and
siliceous cement. Okay (1947) considered these
conglomerates, which crop out in the northern parts
of the Başıbüyük Bayırı and around Çobançeşme
on the northern flanks of the Kayış Dağı, to be a
separate unit from those in the underlying arkosic
conglomerates. Altınlı (1951) called them ‘Quartz
832

Conglomerate’ and described them as wedging in the
arkosic sandstones and also passing upward into the
quartzite unit (Aydos Quartzite). Kaya (1978) and
Önalan (1981), who studied these conglomerates
under the names of ‘Ayazma subunit’ and ‘Başıbüyük
Member’, considered them as transitional to the
arkosic sandstones and hence as a subunit of the
Kurtköy Formation. The dominant purple colour
of the Başıbüyük Conglomerate Member resembles
that of the Kurtköy Formation, but it differs from
the Kurtköy Formation conglomerates in having
siliceous cement and abundant milky quartz clasts
and by the lateral and vertical transitions into
the quartzites. Furthermore, in every outcrop the
quartz-conglomerate forms the base of the quartzites
showing that it is part of the Aydos Formation.
The Başıbüyük Conglomerate Member consists
of light purple, beige conglomerates with a siliceous
cement dominated by clasts of milky quartz, 1 to 5 cm
across (Figure 16); there are also rare clasts of slate
and volcanic rock. The clasts are semi-rounded to
rounded, weakly sorted and are surrounded by coarse
sandstone matrix. The conglomerates are medium
to thickly bedded, parallel to cross-laminated and
show grading. The conglomerate horizons pinch
out laterally and show lateral transitions to quartzarenites of the Ayazma Quartzite Member. The
Başıbüyük Conglomerate Member has extensive
outcrops around Başıbüyük-Gülsuyu and in the
southwestern parts of Büyükada.
The Kısıklı Member – Mudstone and siltstone
horizons have been encountered in the basal parts
of the Aydos Formation in the some wells drilled
in the flanks of the Büyük and Küçük Çamlıca hills,
especially around Kısıklı, as part of the İstanbul
Metropolitan Municipality (İBB) Microzonation
Project. This horizon, named after the Kısıklı region,
shows lateral transition with the quartz-arenite beds.
The Kısıklı Member because of its friable rock type,
has poor outcrops and most of the information on
the Kısıklı Member comes largely from these wells.
In drill core samples, the Kısıklı Member consists
of greenish grey, locally variegated mudstone and
siltstone, which show lateral and vertical transition
to the quartzites. The Kısıklı Member crops out in the
flanks of the Çamlıca hills, northwest of the village
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quartzite (quartz-arenite)
beige, cream, pink, medium to thickly
bedded, locally laminated, quartz grains
(> 90%) in a siliceous cement

quartz-conglomerate-quartzite
purple, cream, medium to very thickly
bedded, parallel and cross laminated,
graded, siliceous cement, rounded to
semi-rounded, moderately sorted quartz
and flint clasts

mudstone-siltstone
dark green, dark grey with a pale brown
alteration colour; shows lateral and vertical
transitions with quartz-arenite beds

0
Figure 15. Generalized stratigraphic section of the Aydos Formation.

of Dudullu, in the ranges west of Çekmeköy, on the
eastern flank of Karlık hill north of Beykoz and in
the upstream section of the Bekar stream north of
Büyük Çamlıca hill. The Kısıklı Member occurs as
laterally discontinuous mudstone-siltstone lenses,
less than 30 m thick, within the lower parts of the
Aydos Formation.
The Ayazma Quartzite Member – It is the most
widespread and distinctive unit within the Aydos
Formation and consists entirely of quartzites
(quartz-arenite) between 10 to 70 m thick (Figure

17). Previous researches have described this member
directly as part of the Aydos Formation. In this study,
as mentioned above, the Aydos Formation also
includes the Başıbüyük and Kısıklı members.
The quartzites are greyish white, light beige, purple
with a reddish brown and light brown alteration
colour, medium to thickly bedded, locally laminated
and locally graded. The lower parts of the quartzites
are generally purplish, sandy and pebbly with crossbedding; the grain size decreases upwards, where
pinkish cream quartzites are the dominant lithology.
The quartzites consist of over 90% of quartz grains in
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Figure 16. Quartz pebble conglomerates, which form the
dominant lithology of the Başıbüyük Member, the
Maltepe-Başıbüyük neighbourhood.

a siliceous cement. The grains are well rounded and
sorted. Purple and beige colour banding, grading and
cross-bedding are distinctive in the coarse-grained
quartzites. The quartzites contain minor amounts of
mica (muscovite, sericite), altered feldspar, hematite
and zircon.
In some outcrops the quartzites contain reddish,
yellowish cream, grey to bluish silty shale and silty
sandstone (quartzwacke) intercalations, up to 5–10
cm thick. Such intercalations can be observed in
the upstream sections of the Bekar stream on the
northern side of Büyük Çamlıca hill.
Contact Relations and Thickness of the Aydos
Formation – In most places the Aydos Formation
starts with the quartzites and conglomerates of the
Başıbüyük Conglomerate Member. In some localities,
such as in the higher ridges of the Başıbüyük and
Gülsuyu regions and on the southeastern coast of
Büyükada, the Başıbüyük Conglomerate Member
lies conformably over the Gülsuyu and Manastır Tepe
members of the Kınalıada Formation, which can be
explained by lateral and vertical transitions between
these members. However, in other localities such as
on the flanks of the Aydos Dağı and on Dragos Hill,
the Aydos Formation lies, through its conglomerate
member directly over the arkosic sandstones of
the Kurtköy Formation (Figure 18a), which can be
explained by transgressive overlap. For example,
on Tavşan Hill in the grounds of the Tuzla Infantry
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Figure 17. Quartz-arenites of the Ayazma Kuvarsit Member on
the southeastern shore margin of Büyükada.

School, quartzites and quartz-pebble conglomerates
of the Aydos Formation directly overlie the arkoses
of the Kurtköy Formation (Figure 18b). Therefore, a
minor disconformity can be said to exist between the
Kurtköy and Aydos formations.
The Aydos Formation is overlain conformably
by the Yayalar Formation. The Aydos Formation,
which forms a laterally continuous marker horizon
between the Kurtköy and Yayalar formations, shows
frequent lateral and vertical changes in facies and
thickness. West of Çekmeköy and in the hills north
of Beykoz, where quartzites pinch out, bluish shales
with quartzite intercalations of the Yayalar Formation
directly overlie the arkoses of the Kurtköy Formation.
The thickness of the Aydos Formation is reported
by various geologists as 600 m (Altınlı 1951), 350
m (Okay 1947) and 300 m (Baykal & Kaya 1965;
Önalan 1981). At one of its thickest locations on
Aydos Hill, where its upper contact is not seen, the
Aydos Formation is about 100 m thick. South of the
town of Ömerli between the Şile road and the Ömerli
reservoir, the Aydos Formation forms a narrow
band 30–40 m thick. In the ridges west and north
of Dudullu its thickness ranges from a few metres to
20–30 m.
Age of the Aydos Formation – Very rare traces of vermes
are observed in the quartzites of the Ayazma Member
of the Aydos Formation. Haas (1968) described these
vermes traces in the quartzites as Scolithus, and based
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Figure 18. (a) The contact between the Kurtköy (Opk) and Aydos (Osa) formations (OSa– quartzites of Aydos Formation, Opk–
arkoses of the Kurtköy Formation). South of Dragos Hill, view to north. (b) The Aydos Formation overlies the arkoses
of the Kurtköy Formation (Opk) with a basal conglomerate (OSa). Northern part of the Tuzla Infantry School.

on these as well as on the stratigraphic relations
assigned an Late Ordovician age to the quartzites.
Önalan (1981) mentioned the presence of Cruziana
trace fossils in the quartzites as well as vermes traces,
which he described as Monocriterion. The Aydos
Formation is of (?)Late Ordovician–Early Silurian
age, because it shows gradational contacts with the
overlying Yayalar Formation, which is broadly the
same age.
Depositional Environment of the Aydos Formation
– A large part of the Aydos Formation consists of
quartz-arenites with well-sorted, clean quartz grains
in a siliceous cement. In many localities the Aydos
Formation starts with the Başıbüyük Conglomerate
Member with coarse sand to pebble size quartz,
arkosic sandstone and reddish shale clasts. The
lithology of the clasts and the purple sandy matrix
of the conglomerates indicates derivation from
the underlying arkoses of the Kurtköy Formation.
The quartz-arenites of the Ayazma Member were
deposited on a high-energy sand bar, whereas the
high clay content of the Kısıklı Member indicates a
lagoonal environment.
Yayalar Formation
The Yayalar Formation, which consists principally
of micaceous feldspathic sandstones, has been

studied under different names by previous workers.
Paeckelman (1938) described the unit as ‘HalysitesGrauwacken Horizont’, whereas Haas (1968) called it
‘Yayalar beds (Yayalar-Schichten)’ and subdivided it
into three members: Umur Deresi, Şeyhli and Kayalı
dere (Kanlı dere). Later Kaya (1978) described the
unit as the ‘Büyükdere shale, Gözdağ litharenite and
Şeyhli subarkose’ and Önalan (1981) as the ‘Gözdağ
Formation and Aydınlı Formation’. Tüysüz et al.
(2004) collected these members under the ‘Gözdağ
Formation’. Here the name Yayalar Formation is
preferred because of its priority. It encompasses the
Gözdağ and Aydınlı formations of Önalan (1981)
and the units of Kaya (1978), which show lateral and
vertical gradations.
Haas (1968) gave as the type section of the
Yayalar Formation the Değirmendere valley between
Yayalar and Şeyhli north of Pendik (known also as
the Kınalı Dere or Kayalı Dere valleys), especially
the section of the Yayalar-Şeyhli road cuts in the
Değirmendere valley. However, at present there
are no natural outcrops in this region because of
extensive urbanization. The Yumrukaya valley section
north of Gebze, also suitable as a type section, has
also recently been largely buried under excavation
rubble. The Org. Nurettin Baransel military barracks
north of Soğanlık is presently the type section of the
Yayalar Formation. Reference sections of the Yayalar
Formation include the southeastern flanks of Gözdağ
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in Pendik, and the southern slope of Kocataş hill in
the Büyükdere region west of the Bosporus.
The Yayalar Formation consists mainly of
micaceous, feldspathic sandstones and has been
divided into three members (Özgül 2005): the
Gözdağ, Umur Deresi and Şeyhli members (Figure
19).
The Gözdağ Member – The Gözdağ Member makes
most of the Yayalar Formation and can be partly
correlated with the ‘Gözdağ litharenite unit’ of Kaya
(1978), the ‘Gözdağ Formation’ of Önalan (1981) and
the ‘Kayalıdere Member’ of Haas (1968). The Gözdağ
Member shares a similar stratigraphic position
with the Fındıklı Formation from the eastern part
of the Kocaeli Peninsula in the Palaeozoic series
known as the ‘Çınarlı Dere’ (Gedik et al. 2005) or
‘Çamdağ’ (Göncüoğlu et al. 2006); both show lateral
and vertical transitions with the underlying Aydos
Formation quartzites.
The micaceous sandstones, which are the
dominant lithology of the Gözdağ Member (Figure
20a) are greenish blue, grey, with light brown
alteration colours, medium and locally thinly bedded
and rarely laminated; in some outcrops the sandstones
are massive. The sandstones are predominantly
quartz-wacke to feldspathic wacke and comprise fine
to medium sand-sized, semi-rounded, medium- to
well-sorted grains of quartz, flint, feldspar, white mica
and minor amounts of mafic rock in a clay matrix,
which generally makes up more than 10% of the rock.
The sandstones are strongly altered, especially along
fault zones.
The Gözdağ Member is ca. 250 m thick in its major
outcrop area north of Soğanlık in the Org. Nurettin
Baransel military barracks. A thickness of 230 m has
been estimated in the 540412D-1 well opened within
the İBB microzonation project near the E5 highway
close to Soğanlık.
The Şeyhli Member – Feldspathic quartzites, which
form large lenses in the upper parts of the Yayalar
Formation, have been studied by Kaya (1978) as the
Şeyhli Subarkose unit and by Önalan (1981) and
Gedik et al. (2005) as the Aydınlı Formation. As the
feldspathic quartzites interfinger with the sandstones
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of the Gözdağ Member, here it is preferred to use the
name ‘Şeyhli Member’ of the Yayalar Formation, as
used by Haas (1968).
The feldspathic quartzites, which form the
dominant lithology of the Şeyhli Member, are
pinkish cream, greyish white, medium to thickly
bedded and locally cross-bedded (Figure 20b). The
sandstones are medium to coarse grained and contain
quartz and lesser amounts of feldspar and mica in a
siliceous cement and/or clayey matrix. The dominant
sandstone type is feldspathic quartz wacke with local
lithic arenite and quartz-arenite. The feldspathic
quartzites of the Şeyhli Member can be distinguished
in the field from the quartzites of the Aydos Formation
by their white mottled appearance and coarser grain
size and also have different stratigraphic positions.
The Şeyhli Member shows frequent lateral
thickness changes and in many localities pinches
out in the micaceous sandstones and shales of the
Gözdağ Member. In the Tavşan stream north of
Soğanlık, where it is close to its maximum thickness
and where its lower and upper contacts are present,
the thickness of the Şeyhli Member is ca. 200 m. The
Şeyhli Member crops out over the area between north
of Tuzla Infantry School and Aydınlı, north and west
of Soğanlık, east of the the Org. Nurettin Baransel
military barracks, on the upper slopes of Gözdağ hill,
and in the coastal areas of the Tuzla military shipyard.
The Umur Deresi Member – The shale-siltstone unit
with chamosite horizons, which overlies the Gözdağ
Member, has been studied by Haas (1968) under the
name of Umur Deresi within the area of the Tuzla
infantry school. The Umur Deresi Member can be
easily distinguished from the monotonous sandstones
of the Gözdağ Member by its purple colour and fine
grain size (Figure 20c) and locally contains oolitic
horizons; the oolites consist of chamosite and siderite
and lie in a fine-grained calcitic cement (Figure 20d).
Scattered macrofossils, principally brachiopods and
crinoids, and rare limestone lenses occur in the upper
parts of the Umur Deresi Member.
Good outcrops of the Umur Deresi Member
can be found in the Kocaeli-Gebze region outside
the area studied, on the Mollafenari-Cumaköy road
close to the entrance of Cumaköy, in road cuts at the
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feldspathic quartz-arenite-quartz-wacke
pinkish cream, light grey, medium to thickly bedded, locally crossbedded with quartz, altered feldspar and mica grains, shows lateral
and vertical transitions to the Gözdağ and Umurdere members, the
thickness ranges from a few metres to 200 m

shale-siltstone
dominant lithology is green, purple shale with chamositic and
sideritic oolite horizons, rare lenses or beds of limestone,
local macrofossils - crinoids, brachiopods etc.; thickness
ranges froma few metres to 110 m

sandstone-siltstone
green, bluish grey with brown alteration colour, micaceous
quartz-wacke is the dominant lithology, semi-rounded, mediumto well-graded quartz, chert, feldspar, opaque, white mica grains
in a sericitic matrix, rare macrofossils - brachiopods, crinoids
etc. and limestone lenses

Figure 19. Generalized stratigraphic section of the Yayalar Formation.

eastern entrance to the village of Mollafenari, in the
Yumrukaya stream valley north of Gebze and in the
training fields of the Tuzla infantry school north of
the D100 highway.
In the Yumrukaya stream valley and at the eastern
entrance of Mollafenari village, the Umur Deresi

Member starts above the greenish brown micaceous
sandstones of the Gözdağ Member with purple and
green shales. In the Yumrukaya stream, close to the
middle of the Umur Deresi Member section, there
are 5–10-cm-thick brown to grey limestone and
clayey limestone beds and lenses with brachiopods
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Figure 20. Photographs from the Yayalar Formation. (a) Sandstone of the Gözdağ Member, (b) feldspathic quartzites of the Şeyhli
Member, (c) purple siltstone and shales of the Umur Deresi Member, (d) a thin section of chamosit-bearing oolitic siltstone
of the Umur Deresi Member.

and small Orthoceras. Farther up in the section there
are partially pyritized brachiopods within the purplegreen shales. These shales are conformably overlain
by brown, grey clayey limestones and shales, which
constitute the basal parts of the Pelitli Formation
(Mollafenari Member).
The thickness of the Umur Deresi Member shows
major lateral variation. In the Yumrukaya stream
and at the entrance of Mollafenari village the Umur
Deresi Member is 40–50 m thick, whereas in the
Tavşan stream valley it is represented by 1–2-m-thick
sandstones with chamositic oolites (Figure 22).
Contact Relations and Thickness of the Yayalar
Formation – The Yayalar Formation lies with a
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conformable and transitional contact over the
Aydos Formation, as can be observed on the
northern flanks of Karlık Tepe near Elmalı village
north of Beykoz and along the Ümraniye-Şile road
cuts west of Çekmeköy. Both the Şeyhli and Umur
Deresi members overlie the Gözdağ Member, show
lateral and vertical transitions with each other and
are conformably overlain by the sandstone-shalelimestone intercalations of the Mollafenari Member
of the Pelitli Formation. The Umur Deresi Member
can be correlated with the Ferizli Formation (Gedik
& Önalan 2001), which crops out in the Çamdağ
region of northern Kocaeli province, and contains
sandstones with chamositic oolites.
The thickness of the Yayalar Formation shows
major variations depending on the thickness of its
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Age of the Yayalar Formation – The Yayalar Formation
is poorly fossiliferous. Brachiopods have been
observed in the micaceous sandstones and siltstones
in the village cemetery of Çekmeköy, and in the
feldspathic quartzites east of the Gözdağ hill near
Dolayoba. The chamositic oolites and shales contain
horizons with brachiopods at the junction of the
Bekar and Aznavur streams near Çengelköy, and in
the training field of the Tuzla infantry school.

Figure 21. A view from contact zone between Yayalar and Pelitli
formations. At the base there are the feldspathic
quartzites (OSyş) of the Şeyhli Member overlain
by 1.5 m thick chamositic, oolitic sandstones and
siltstones of the Umur Deresi Member (OSyu), which
is in turn overlain by the limestone-sandstone-shale
intercalation of the Pelitli Formation (SDpm). The
photograph is from an excavation along the Tavşan
stream in the Soğanlık area.

Figure 22. Neritic limestones of the Pelitli Formation in the
old limestone quarry of the Yunus cement factory,
Kartal.

constituting members. For example, in the Tavşan
stream section the thickness of the Şeyhli Member is
200 m, whereas the Umurdere Member is only 1–2 m
thick. In the Tavşan stream section, where the lower
and upper contacts are present, a thickness of 450 m
has been calculated for the Yayalar Formation. In the
540412D-1 well close to Soğanlık, a thickness of 280–
300 m has been measured for the Yayalar Formation.

A sample from the laminated siltstones from the
lower parts of the Gözdağ Member collected from
the Elmalı exit of the road tunnel in Beykoz-Elmalı
district contained acritarchs of Telechian (Late
Llandoverian)–Early Wenlockian age (Göncüoğlu
et al. 2006). Another sample from the same region
taken from the road cut on the northern slope
of the hill with the watch hut contains Ashgillian
(Late Ordovician)–Middle Llandoverian (Early
Silurian) fossils (Göncüoğlu et al. 2006). Pollen
of the same age range have been described from a
sample of the Gözdağ Member taken from the Şile
road cut between the Beşiktaş Spor Kulubü and
Çekmeköy. Brachiopods in the shales of the Gözdağ
Member at the western entrance of Mollafenari
village are described as Llandoverian in age (written
communication with E. Villas in Göncüoğlu et al.
2006). Haas (1968) described an late Llandoverian
macrofauna from the Gözdağ Member and stated
that it could not be older than Llandoverian. He
also described brachiopods indicating a latest
Llandoverian age from the feldspathic sandstones
of the Şeyhli Member. Late Llandoverian conodonts
have been found in the shales with chamositic
oolites in the Soğanlık-Kartal region; these shales
transitionally overlie the feldspathic quartzites of the
Şeyhli Member (Göncüoğlu et al. 2006). In the Umur
Deresi Member, 250 m north of Cumaköy, Haas
(1968) has described conodonts, that are not seen
before the Late Llandoverian in Britain.
A rich fauna of macrofossils was described by
Sayar (1979) 5–6 km northeast of Pendik in the
road cuts and natural outcrops in the region where
the Pendik-Şeyhli road cuts the Kayalı stream.
She subdivided the sandstones in this region into
lower and upper ‘greywackes’. From the ‘Lower
Greywackes’ Sayar (1979) has described brachiopods
which she assigned to a Late Ashgillian (Hirnantian)
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and basal Llandoverian age. Sayar (1979) named
the 80–100-m-thick shale-siltstone sequence with
corals and brachiopods, which is exposed beneath
feldspathic quartzites in the upstream section of
the Kayalı stream in the Kocabayır, Sülün and Ağıl
hills, Pınarbayırı and Yayalar villages and near
the Kayalıdere bridge, the ‘Upper Greywackes’
and described from this sequence brachiopods of
Early and Middle Llandoverian age. Sayar (1979)
also remarked that Halysitidae, Favositidae and
rugose corals first appear in this sequence. Based on
correlation of the ‘Upper Greywackes’ with similar
sequences in Great Britain and elsewhere, Sayar
(1979) concluded that the sequence is of Early and
Middle Llandoverian age.
Sayar (1969) described middle and early Late
Ordovician (Llandeilo and Caradocian) macrofossils
from grey-beige laminated shales with chamositic
oolite horizons east of Çengelköy in the Çakaldağ
(Aznavur) stream. In Sayar (1969) these fossiliferous
shale horizons are thought to lie stratigraphically
below the Aydos Formation and within the Kurtköy
Formation, although subsequently (Sayar 1984)
this horizon was placed correctly above the Aydos
Formation. Brachiopods of Late Ordovician
age (Late Caradocian–Ashgillian) with a mixed
Mediterranean-British-Irish fauna have been
reported by Sayar (1984) from the Gözdağ Member in
the Pendik-Dolayoba region. Önalan (1981) reported
Early–Middle Llandoverian brachiopods from the
Gözdağ Member north of Şeyhli. Göncüoğlu et al.
(2006) described Late Llandoverian graptolites from
the basal parts of the laminated shales of the Fındıklı
Formation northwest of Kocaeli, which has a similar
stratigraphic position to the Gözdağ Member, and
palynomorphs of Wenlockian–Ludlovian age from
the middle part of the shales. Two samples collected
by us from crinoidal and coralline sandy calcarenites
at the transition horizon between the quartzites of
the Şeyhli Member and the Pelitli Formation have
yielded conodonts of Middle–Late Llandoverian age
(Late Telychian) in the Soğanlık region (Göncüoğlu
et al. 2006).
In conclusion, macrofossil descriptions from
different parts of the Yayalar Formation by different
geologists have shown that the formation is of
Llandoverian age (Early Silurian) and possibly passes
into Middle Silurian. A wide-ranging palaeontological
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study by Göncüoğlu et al. (2006) has shown that the
Late Ordovician (Llandeilo and Caradocian) ages
of Sayar (1969, 1984) for the Yayalar Formation,
based on brachiopods, is a faint possibility. Most
of the Yayalar Formation is Llandoverian, it may
questionably extend down to the Late Ordovician.
Depositional Environment of the Yayalar Formation
– Most of the Yayalar Formation consists of poorly
fossiliferous quartz-wacke type monotonous
sandstones and siltstones. The presence of unstable
clasts, such as feldspar and mica, high matrix content
in the sandstones and siltstones are indicative of a
low energy and rapid accumulation environment
of deposition. The Gözdağ Member may have
been deposited in a pro-delta environment. The
Umur Deresi Member, with its variegated shales
and chamositic oolite horizons, formed in a high
energy coastal environment with the interfingering
sandstones of the Şeyhli Member representing
sandbars. On the whole the depositional setting of
the Yayalar Formation is that of a shallow coast to
pro-delta.
Pelitli Formation
The widespread and thick clastic series represented
by the Kocatöngel, Kurtköy, Aydos and Yayalar
formations gives way to carbonate deposition
with the Pelitli Formation. The bulk of the Pelitli
Formation is represented by shelf-type shallow
marine limestones; minor shale intercalations occur
throughout the sequence but become prominent in
the upper parts, which consist of an intercalation of
shale and limestone.
The Pelitli Formation was studied by Penck (1919)
who termed it ‘kalkige Pendikfazies’. Paeckelmann
(1938) called the outcrops of the Pelitli Formation on
the island of Sedef ‘upper limestones’ and those in the
Kartal-Pendik region the ‘Kartal-Pendik Halysites
limestones’. Haas (1968) described most of the Pelitli
Formation as the Akviran Series and subdivided
it into Tavşan Tepe, Bağlarbaşı Cumaköy, Çakıllı
Dere, Pelitli and Kireçhane beds (Schichten); the
lenticular sandstones in the uppermost part of the
Pelitli Formation was ascribed to the Soğanlı beds of
the Marmara series. Kaya (1973, 1978) described the
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limestones as the Sedef Group and subdivided them
into the Dolayoba Limestone and İstinye Formation.
Önalan (1981) divided the carbonates into four
formations: Dolayoba, Sedefadası, İstinye and
Kaynarca. Gedik et al. (2005) used the nomenclature
of Kaya (1973), except changing the name of the
Group to Yumrukaya. Since the carbonates show
continuous deposition and because the subdivision
of the carbonates into different formations causes
problems in geological mapping, Özgül (2005) used
the name of Pelitli Formation for the entire carbonate
sequence, the name being derived from Pelitli village
near Gebze, where the carbonates are well exposed.
The name Pelitli was also used by Haas (1968) for
parts of the carbonate sequence (Pelitli schichten).
There is no type section for the whole of the Pelitli
Formation; the most complete section is between the
ridge of Tavşan hill near Pelitli village and the Fındıklı
stream. Reference sections for the Pelitli Formation
are in the Büyükçeşme (Çakal) valley south of Beylik
Dağ east of Gebze (Kocaeli) and the Kınalı stream
section east-southeast of Dolayoba.
Most of the Pelitli Formation consists of neritic
limestones (Figure 22). From its base upwards it
comprises carbonate-rich shale-sandstone, shale
limestone intercalation, biohermal and biostromal
limestones with abundant macrofossils, medium- to
thinly-bedded, laminated micritic limestone and in
the uppermost part lenticular limestone with shale
intercalations. The formation is subdivided from
the base upwards into five members: Mollafenari
Member, Dolayoba Limestone Member, İçmeler
Member, Sedefadası Limestone Member and Soğanlık
Limestone Member (Figure 23, Özgül 2005).
The Mollafenari Member – It consists of an
intercalation of limestone-clayey sandy limestonecarbonate-rich shale and sandstone and comprises
part of the ‘Halysites Limestone’ of Paeckelmann
(1938), and corresponds to the Tavşan-Tepe and
Bağlarbaşı beds of Haas (1968) as described from the
Gebze region. The name of Tavşan-Tepe is avoided
because it is used for several hills in the region and
the outcrops around the Bağlarbaşı Hill comprise
only parts of the unit. In contrast the whole section
is exposed around the village of Mollafenari and
therefore the unit is called after the village.

The Mollafenari member constitutes a transitional
facies between the fine-grained clastics of the Yayalar
Formation and the carbonate sequence of the Pelitli
Formation. It is well exposed at the western entrance
of the village of Mollafenari in the upper levels of the
road cut and along the ridge. Here, the unit consists
of brown, yellowish brown carbonate-rich shales
intercalated with thin (5–10 cm) limestone beds. The
limestone beds contain abundant brachiopods, large
crinoids and other large shell fragments. This clay-rich
horizon, 3–4 m thick, passes up into an intercalation
of carbonate-shale and sandy clayey limestone with
the proportion of thinly- to medium-bedded sandy
limestone increasing upwards in the sequence. In the
Mollafenari outcrop a 40-m-thick basal section of
the Mollafenari Member is exposed. The upper parts
of the Mollafenari Member, consisting of mediumto thickly-bedded sandy clayey limestones with
abundant brachiopods and crinoids, can be seen east
of Mollafenari village on the ridge south of the road.
In the Dolayoba and Soğanlık regions, the
Mollafenari Member lies directly on the feldspathic
quartzites of the Yayalar Formation and consists
of medium- to very thickly-bedded bioclastic
limestones with abundant brachiopods, bryzoa,
crinoids and other large shell fragments intercalated
with sandstone and shale beds, 5–10 cm thick.
The thickness of the Mollafenari Member shows
major lateral variations. Haas (1968), who studied
the Mollafenari Member as the Tavşan Tepe and
Bağlarbaşı units, mentioned a total thickness of 80–
115 m; Özgül (2005) estimated a thickness of about
70 m in the Mollafenari region.
The Dolayoba Limestone Member – The pink, beige
and grey reef limestones with abundant corals form a
typical lithology of the Pelitli Formation and have been
studied under the names of ‘Halysites Limestone’ and
‘Coralline Limestone’ by Paeckelmann (1938) and
Baykal (1943), respectively. Haas (1968) described
the coralline limestones from the Dolayoba region as
the ‘Akviran Series’, which he divided into Cumaköy,
Çakıllıdere and Pelitli units. Kaya (1978) and Önalan
(1981) used the name ‘Dolayoba Limestone’ for these
carbonates as well as for the Mollafenari Member
and the chamositic shales, which constitute the
upper parts of the Yayalar Formation. Özgül (2005)
described the coralline limestones under the name
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Figure 23. Generalized stratigraphic section of the Pelitli Formation.
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of ‘Dolayoba Limestone Member’ of the Pelitli
Formation.
Typical outcrops of the Dolayoba Limestone
Member can be found northwest of Gebze on the ridge
east of a tributary of the Yeniçeşme stream descending
from Beylik mountain. The dominant lithology is
pink and light grey bioclastic limestone with a rich
macrofauna of corals, crinoids, stromatoporoids,
brachiopods etc. Locally there are intercalations of
grey, thinly- to medium-bedded sandy shale with
shell fragments. The Dolayoba Limestone Member is
about 30–40 m thick and is overlain by the laminated
limestones beds of the İçmeler Member. It is easily
recognizable in the field from the underlying and
overlying regularly bedded limestones as it forms
isolated reef blocks, 2–3 m across (Figure 24). The
Dolayoba Limestone Member is well exposed south
of the villages of Pelitli and Mollafenari, on the
southeastern slopes of Gözdağ and in the northern
parts of the Tuzla Infantry School.

Figure 24. Reef limestones of the Dolayoba Limestone Member,
which commonly have a blocky outcrop pattern. The
limestone in the lower right hand corner has corals.

The İçmeler Member – The reef limestones of the
Dolayoba Limestone Member are overlain by black,
dark grey, regularly bedded limestones of the İçmeler
Member. It starts with a dark laminated limestone
horizon, 8–10 m thick, and passes up into laminated
thinly-bedded micritic limestones with shale
intercalations, ranging in thickness from millimetres
to 4–5 cm (Figure 25).

The İçmeler Member was named by Haas (1968)
after the İçmeler hamlet of the town of Tuzla. The
İçmeler Member is well exposed in road cuts of the
E5 (D100) highway in the İçmeler region and on
the western side of Sedefadası close to the quarry.
Önalan (1981) measured a thickness of 43.8 m for the
İçmeler Member at Sedefadası.
The Sedefadası Limestone Member – The laminated
limestones with shale intercalations of the İçmeler
Member are overlain by a carbonate sequence
consisting black, dark grey micritic limestones,
which make up the Sedefadası Limestone Member. It
corresponds to the İstinye Formation of Kaya (1973)
and the Gebze Limestone Member of the İstinye
Formation of Önalan (1988). As this limestone
sequence forms most of Sedef Island, it was studied
as the Sedef adası Member of the Pelitli Formation.
Most of the Sedefadası Limestone Member
consists of dark grey, thinly- to medium-bedded
micrite and biomicrite locally containing black or
dark grey shale intercalations. A 40-m-thick strongly
laminated black limestone horizon was observed in a
large limestone quarry south of Pelitli within thinly
to medium-bedded limestones with no lamination.
The amount of clay increases upwards in the
sequence towards the Soğanlık Limestone Member.
The thickness of the Sedefadası Limestone Member
in its outcrops in the Yeniçeşme valley is around 270
m. A thickness of 250 m has been measured in well
510417D-1 drilled in Kartal quarry as part of the İBB
microzonation project.
The Soğanlık Limestone Member – The nodular
limestones, which form the uppermost parts of the
Pelitli Formation, have been described as ‘Yakacık
nodular limestones’ by Paeckelmann (1938), as
‘Soğanlı Schichten’ and ‘Çakal Dere Schichten’ by
Haas (1968), and as the ‘Kaynarca formation’ or
‘Kaynarca member’ by Önalan (1981, 1988).
Özgül (2005) followed the nomenclature of
Haas (1968), while changing Soğanlı to its presently
officially accepted name of ‘Soğanlık’. Haas (1968)
suggested as the type section the quarry of the
Yunus cement factory, which is south of the D100
(E5) highway between Kartal and Soğanlık. In this
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a
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Figure 25. Photographs from the İçmeler Member (a) laminated limestone intercalated with shale, western margin of Sedefadası. (b)
Closer view of the laminated limestones.

quarry the lower and upper contacts of the Soğanlık
Limestone Member are not exposed. Good outcrops
of the Soğanlık Limestone Member are found around
Çubuklu east of the Bosporus, in the old quarries east
of Pertevbey woods (Mihrabad mesire locality) and
northwest of Gebze in the upstream section of the
Yeniçeşme valley.
The dominant lithology in the Soğanlık Limestone
Member is an intercalation of thin- to mediumbedded (3–10 cm) limestone-clayey limestone and
1–2-cm-thick shale. The intimate intercalation of
competent and incompetent layers has given rise to
small-scale boudinage of the limestone beds (Figure
26). Limestone beds generally consist of bioclastic
micrites with macrofossil (crinoid, brachiopod,
bryozoa etc.) fragments. The thickness of the Soğanlık
Limestone Member is about 60 m.
Contact Relations and Thickness of the the Pelitli
Formation – The Pelitli Formation conformably
844

Figure 26. Nodular-like limestones with shale intercalations
of the Soğanlık Member in the disused limestone
quarry of the Yunus cement factory, Kartal.

overlies the Yayalar Formation and is conformably
overlain by the Kartal Member of the Pendik
Formation. The basal contact of the Pelitli Formation
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was observed in a basement excavation of a
building construction along the Tavşan stream in
Soğanlık, where limestone-shale intercalation of
the Mollafenari Member of the Pelitli Formation
overlies the feldspathic sandstones and quartzites of
the Şeyhli Member of the Yayalar Formation with the
chamositic oolitic sandstone-siltstones, 1–2 m thick,
of the Umurderesi Member occurring in between
(Figure 21). In a clean outcrop on the southern shore
of Pavli island quartzite beds of the Şeyhli Member
are conformably overlain by the limestone-shale
intercalation of the Pelitli Formation. At the entrance
to Mollafenari, the shale-limestone intercalation of
the Mollafenari Member of the Pelitli Formation
lies conformably, without the intervening Şeyhli
Quartzite Member, on the variegated shales of the
Yayalar Formation (Umurdere Member).
The Pelitli Formation shows major lateral
thickness variations. In its type section it has an
estimated thickness of 450 m. In the Kartal region
its thickness is ca. 340 m, determined by well no.
510417D-1 drilled in the Kartal quarry.
Age of the Pelitli Formation – The Pelitli Formation
contains macrofossils including corals, brachiopods,
crinoids and stromatoporoids at various levels.
Small brachiopods and large crinoids occur in
the lowermost Mollafenari Member; according to
Haas (1968) these are of Wenlockian age. Upper
Llandoverian (Telychian) conodonts have been
described from the chamositic oolitic shales, which
overlie feldspathic quartzites of the Şeyhli Member
in a construction excavation in Soğanlık (Göncüoğlu
et al. 2006).
The Dolayoba Limestone Member, which overlies
the Mollafenari Member, consists of pink and brown
coralline limestones with a rich macrofauna of tabulate
corals such as Halysites sp., Helioites sp., Favosites
sp., rugose corals, Syringopora sp., crinoids and
stromatoporoids. According to Paeckelmann (1938)
the fauna ranges from lowermost to upper Ludlovian.
However, based on conodonts Haas (1968) considers
the age of the Dolayoba Limestone Member to be
younger than Ludlovian. In well 510417D-1, drilled
as part of the İBB project in the Yunus cement factory
quarry, Silurian conodonts Panderodus unicostatus
(Branson & Mehl 1934) and Ozarkodina confluens

have been determined by Çapkınoğlu from a sample
taken at 233 m depth (Özgül 2009). The sample
corresponds to a level between the İçmeler Member
and Dolayoba Member. Göncüoğlu et al. (2006)
described Late Devonian conodonts of Ozarcodina
remscheidensis eosteinhornesis and Ozarcodina
remscheidensis remscheidensis from the laminated
limestone beds forming the lowest parts of the
İçmeler Member in the Yumrukaya valley in Gebze.
However, Haas (1968) described the Late Ludlovian
conodont Spathognahodus steinhornensis Walliser
from the lower parts of the Sedefadası Member, which
has a stratigraphic position above the Dolayoba
Limestone Member. Therefore, a broad Late Silurian
(Pridolian)–Early Devonian (Lochlovian) age has
been accepted for the İçmeler Member.
The Sedefadası Limestone Member locally
contains tabulate corals and stromatoporoids. Core
samples from depths of 84 and 71 metres from well
510417D-1 drilled in the Yunus cement factory
quarry contain Late Devonian conodonts Panderodus
unicostatus and Ancyrodelloides eleanorae, as
determined by Çapkınoğlu (in Özgul et al. 2007).
These samples correspond to the middle parts of the
Sedefadası Member. Lochkovian conodonts have
been reported in the limestones of the Sedefadası
Member by G. Saydam from samples taken along
the E5 İstanbul-Ankara highway at İçmeler on the
northern side of the pedestrian crossing (Göncüoğlu
et al. 2006).
The Soğanlık Limestone Member contains,
in addition to macrofossils such as Orthoceras,
brachiopods, gastropods and crinoids, a rich
conodont fauna, especially in the lowermost 10 m.
According to Haas (1968) the conodont fauna is
late Ludlovian or Gedinian in age. Saydam (2005)
and Göncüoğlu et al. (2006) also described late
Lochkovian conodonts from the Soğanlık Limestone
Member in the Beykoz region.
Haas (1968) also reported Siegenian (Pragian)
conodont, trilobite and gastropod faunas from the
coarse nodular limestones (Upper Soğanlık beds of
Hass 1968) from the İçmeler section of the D100
(E5) İstanbul-Ankara highway (İçmeler vicinity).
He also described a Early Emsian conodont fauna
from the Kaynarca spring outcrop northeast of
Pendik. Abdüsselamoğlu (1977) reported Lochlovian
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(Gedinnian) trilobites and conodonts from the Gebze
outcrops of the Soğanlık Limestone Member.
A critical appraisal of the palaeontological data
indicate that the Pelitli Formation is of Early Silurian
to Early Devonian age; the age of its members
are: Mollafenari: Late Llandoverian (Telychian)–
Wenlockian, Dolayaoba: Late Ludlovian, Sedefadası:
Late Ludlovian–Early Lochkovian (Gedinnian)
or according to Haas (1968) only late Ludlovian,
and Soğanlık Limestone Member: Lochkovian
(Gedinnian)–Early Emsian.
Depositional Environment of the Pelitli Formation
– The Pelitli Formation was deposited in a shelf
environment. The lower parts corresponding to the
Mollafenari Member reflect deposition in an outer
shelf. The overlying Dolayoba Member represents
patch reefs, while the Sedefadası Member represents
reef margin and restricted shelf conditions. The
uppermost Soğanlık Limestone Member indicates
a deepening marine environment of open shelf and
continental margin.
The Pelitli Formation can be correlated with the
Lower–Middle Devonian Yılanlı Formation, which
crops out in the Adapazarı-Zonguldak-Kastamonu
region (Saner et al. 1980; Yazman & Çokuğraş 1983;
Aydın et al. 1987).
Pendik Formation
Most of the Pendik Formation consists of micaceous
fine-grained clastic rocks; in certain horizons,
especially in the upper levels, there are also limestone
intercalations. It covers large areas on the Anatolian
side of the Bosporus and is easily recognized on
account of its rich macrofossil content. It was studied
under different names, for example as ‘Pendik
Schichten’ by Paeckelmann (1938), as ‘Lower Pendik
bed’ and ‘Upper Pendik bed’ by Altınlı (1951). Kaya
(1973) named the same sequence the ‘Pendik Group’,
which he divided into ‘Kartal’, ‘Kozyatağı’ and
‘İçerenköy shale’ formations. Önalan (1988) enlarged
the content of the Kartal Formation to comprise
the whole sequence and subdivided it into Pendik,
Kozyatağı and İçerenköy members. It appears
that Paeckelmann (1938), Altınlı (1951) and Kaya
(1973) used the term ‘Pendik’ for the whole series,
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whereas the term Kartal was used by Önalan (1981)
and Tüysüz et al. (2004) for the micaceous shales,
which make up most of the series. In the present
study Pendik Formation is used in the original sense
encompassing the whole sequence.
Haas (1968) considered the Kartal-Soğanlık road
as the type section of the Pendik Formation; although
at present there are no outcrops in this region except
sometimes temporary outcrops exposed by building
construction. Gedik et al. (2005) suggests as type
sections northeast of the village of Korucu south of
Şile (İstanbul-F23-d; between E: 1600 N: 56000 and
E: 16300 N: 57000).
The Pendik Formation consists predominantly of
fine-grained micaceous clastic rocks: shale, siltstone
and fine sandstone. In its upper levels it also includes
limestone intercalations. It is subdivided into two
members: (1) Kartal and (2) Kozyatağı (Figure 27).
The Kartal Member – The Kartal Member is made
up of black, dark grey locally dark green micaceous
shale and siltstone (Figure 28a) with rare micaceous
sandstone intercalations, 5–10 cm thick. The
sandstones are mainly quartz-wacke with quartz
and lesser amounts of feldspar, mafic volcanic lithic
fragments in an argillaceous matrix or locally in
carbonate cement. It is differentiated from other
clastic Palaeozoic formations, such as the Trakya
and Yayalar formations, by its finer grain size and
abundant macrofossil content.
The Kartal Member is well exposed in road cuts
of the E5 (D100) highway around Güzelyalı, in the
upstream section of the Göksu valley and on the
ridges between the Göksu and Küçüksu valleys.
The Kozyatağı Member – The upper part of the
Pendik Formation comprises limestone and shaly
limestone intercalations, called the ‘Kozyatağı
Formation’ or ‘Kozyatağı Member’ by Kaya (1973)
and Önalan (1981, 1988) or the ‘Kurdoğmuş beds’
by Haas (1968). The dominant carbonate is a light
to dark grey, thin- to medium-bedded to massive,
locally laminated micrite, which forms horizons
a few metres to tens of metres thick. There are also
rare graded bioclastic limestone beds, 1 to 10 cm
thick. The limestone beds are intercalated with shale
in varying proportions. The carbonates are exposed
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Figure 27. Generalized stratigraphic section of the Pendik Formation.

mainly in temporary excavations of foundations of
buildings and in quarries, especially in Kozyatağı,
Göztepe and Feneryolu. The Kozyatağı Member
shows vertical and lateral transitions with the Kartal
Member, and is between 5 and 100 metres thick.

Contact Relations and Thickness of the Pendik
Formation – The Pendik Formation gradationally
overlies the Pelitli Formation limestones. This contact
can be seen in the road cut close to the old disused
limestone quarry in Çubuklu, south of the Çubuklu
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Figure 28. Photographs from the Kartal Member. (a) Shales, which form the dominant lithology, (b) Brachipod-bearing shales, (c)
Pleurodyctum sp.

cemetery (coordinates 75115–52620), where the basal
shales of the Pendik Formation overlie the limestoneshale intercalations of the Soğanlık Limestone
Member of the Pelitli Formation. A similar contact
was observed in a foundation excavation south of
Yakacık (coordinates 87210–31000). The Pendik
Formation is overlain conformably by the Denizli
Köyü Formation.
The thickness of the Pendik Formation could not
be determined confidently because of insufficient
outcrop and much faulting. Önalan (1981) and Gedik
et al. (2005) gave a thickness of 750 m for the Pendik
Formation; Haas (1968) estimated a thickness of 120
m for the Kozyatağı Member, and Kaya (1973) 400 m
for the Kartal Member. The thickness of the Pendik
Formation south of Korucu village, as estimated
848

from the map, is 600 m, but as the upper and lower
contacts of the Pendik Formation are not clear at this
locality, its thickness could exceed 600 m.
The richly fossilliferous monotonous micaceous
shales of the Pendik Formation crop out south of
Yakacık, in the region between Erenköy, Sahrayıcedit
and Göztepe, in the picnic fields of ÇubukluMihrabad, in the region between Kavacık, west of the
Elmalı reservoir and Göksü valley. On the European
side of İstanbul, the Pendik Formation crops out in
the Rumelihisarı-Armutlu area. The carbonates of
the Kozyatağı Member crop out in the railway cuts
and foundation excavations in the region between
Kozyatağı, Caddebostan and Bostancı on the
Anatolian side of İstanbul.
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Age of the Pendik Formation – The Pendik Formation,
especially the shales of the Kartal Member, has a rich
and varied macrofauna, principally brachiopods but
also crinoids, corals, trilobites, bryozoa and gastropods
(Figure 29b). Pleurodictum constantinopolitaum and
Pleurodictum problematicum are especially diagnostic
coral species (Figure 28c). The shells of macrofossils
form horizons, 1–2 cm thick, in micaceous shales
parallel to bedding.
The conodont, brachiopod and trilobite fauna of
the Pendik Formation have been studied by several
geologists. Paeckelmann (1938) described an Early
Devonian brachiopod fauna from the lower parts
of the Pendik Formation; trilobites from the same
beds indicate an Late Emsian age. Baykal (1963)
assigned a Pragian–Emsian age to the brachiopod
fauna of the Pendik Formation from the western part
of the Bosporus. Fossils collected by Dr. Orhan Kaya
from the Kartal-Soğanlık outcrops of the Pendik
Formation were studied for lamellibranchs (Babin
1973), brachiopods (Carls 1973) and trilobites
(Gandl 1973). According to Babin (1973) although
the lamellibranch fauna is not diagnostic for a
precise age, it nevertheless indicates an Emsian age
in general. The brachiopod fauna indicates an Early
Emsian (Carls 1973) and the trilobite fauna an
age between the end of the Early Emsian and the
middle of the Late Emsian. Macrofossils collected
by Önalan (1981) from the outcrops of the Pendik
Formation between Pendik and Yakacık were studied
by Cazibe Sayar (İTÜ) and ascribed a Pragian–Early
Emsian age. In the same study brachiopods collected
between the D100 (E5) highway and Pendik-D100
(E5) are, according to Cazibe Sayar, of Late Emsian
age. Limestone nodules in shales collected from
the transitional zone between the Pelitli Formation
(Soğanlık Limestone Member) and Pendik
Formation (Kartal Member) in the Pendik-Yakacık
region contain Late Emsian ostracods and early Late
Emsian conodonts ((Dojen et al. 2004). Therefore,
the deposition of the Pendik Formation appears to
have started in this region in the lower Late Emsian.
According to Dojen et al. (2004) the ostracod fauna
is Thuringian type and is very similar to those of
Germany and Morocco.
Macrofossil horizons, including brachiopods,
trilobites, corals, gastropods and crinoids are

encountered in the Kozyatağı Member, which forms
the upper part of the Pendik Formation. Gandl (1973)
described the trilobite Phacops pantichionensis,
characteristic for the upper part of the Late Emsian
from the Kozyatağı Member. According to Kullmann
(1973) the Kozyatağı Member contains late Emsian
corals and goniatites around Tuzla, Pendik and
Büyükada. He also described from the nodular
limestones, which are intercalated with shales in
the upper part of the Pendik Formation and called
the ‘İçerenköy shale’ by Kaya (1973), goniatites
characteristic for the Emsian–Eifelian transition, and
Early Eifelian corals.
In conclusion, the palaeontological data discussed
above, especially conodonts and ostracods, indicate
that most of the Pendik Formation is late Emsian
in age; the only exceptions are some possible Early
Emsian brachiopods as described by Önalan (1981)
and Carls (1973).
Depositional Environment of the Pendik Formation –
The clastics of the Pendik Formation were deposited
in a low energy shelf environment with abundant
detritus coming from the land. The well-preserved
macrofossils and the high mica content indicate rapid
deposition. The carbonate intercalations in the upper
part of the Pendik Formation suggest reduction in
the clastic input from the land.
Denizli Köyü Formation
The Denizli Köyü Formation consists mainly of
limestone, clayey limestone, nodular limestone and
lydites and contains variable proportions of shale
intercalations. In earlier studies various names have
been used for part or the whole of the Denizli Köyü
Formation. It corresponds to the ‘Nodular limestonesiliceous shale series’ of Paeckelmann (1938), and the
‘Denizli beds’ of the ‘Tuzla series’ of Haas (1968). The
sequence was studied under the names of ‘Büyükada
Formation’ by Kaya (1973), ‘Tuzla Formation’ by
Önalan (1981), and ‘Denizli Group’ by Gedik (2005).
Özgül (2005) followed the terminology of Haas
(1968) and Gedik (2005) but added the word ‘Köyü’
to avoid confusion with the province of Denizli.
The type section of the Denizli Köyü Formation
is outside the area studied, south of Şile, 3 km south
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Figure 29. Generalized stratigraphic section of the Denizli Köyü Formation.

of the village of Korucu along the ridge between
the Darlık dam and the Kışla ridge, between the
coordinates 16600°E–53100°N and 16850°E–53300°N
(Gedik et al. 2005). Good outcrops of the Denizli
Köyü Formation can be found around Denizli village
(in the Kocaeli region, east of of İstanbul) along the
TEM motorway northeast of Gebze near Arapçeşme
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village close to the Gebze (in Kocaeli region) viaduct
and on the southwestern shore of Büyükada.
The Denizli köyü Formation consists mainly
of shaly limestone, limestone, lydite and nodular
limestone intercalated with shale and is divided into
four members: (1) Tuzla, (2) Yürükali, (3) Ayineburnu
and (4) Baltalimanı (Figure 29) (Özgül et al. 2007).
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The Tuzla Member – The Tuzla Member consists
mainly of biomicrite and shaly limestones, which
are intercalated with shale horizons 5–10 cm thick
(Figure 30a). It forms the lowest member of the
Denizli Köyü Formation and is conformably overlain
by the Yürükali Member. It has the same stratigraphic
position as the Bostancı Member of Kaya (1973), but
no outcrops are left in the type section of the Bostancı
Member in Bostancı because of strong urbanization,
so Özgül et al. (2007) avoided the use of this term.
The limestone sequence, which is well exposed along
the coast of Tuzla, especially in the premises of the
Naval War Academy, shares the same stratigraphic
position as the Bostancı Member of Kaya (1973), and
has been named the Tuzla Member.

In the type section of the Denizli Köyü Formation
the fossiliferous siltstones and shales of the Pendik
Formation are conformably overlain by grey thinto medium-boudinaged clayey limestone with shale
intercalations, about 30 m thick, which pass up into
nodular micritic limestones with thin shale horizons,
30 m thick. The uppermost part of the section
contains black lydites as nodules or individual beds,
5–10 cm thick. In the type section of the Denizli Köyü
Formation, the Tuzla Member has a total thickness
of about 60 m. The sequence of the Tuzla Member
in the campus of the Tuzla Naval War Academy
shows extensive folding and faulting, which makes it
difficult to obtain a reliable thickness.

a

b

c

d

Figure 30. Photographs from the Denizli Köyü Formation. (a) Thinly- and medium-bedded limestone of the Tuzla Member. (b)
Pink, brown, shale-lydite, siltstone intercalation of the Yürükali Member. (c) Grey, pink beige shale and nodular-like
limestone intercalation of the Ayineburnu Member. (d) Lydites with siliceous shale intercalations of the Baltalimanı
Member. (a–c) are from the southern shores of the grounds of the Tuzla Naval War Academy; (d) from east of Denizliköy
village.
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The Yürükali Member – The Yürükali Member
consists of lydites with thin shale intercalations about
30 m thick. In its type section the Yürükali Member
starts above the micritic limestones with occasional
lydites of the Tuzla Member with black, dark grey
thinly-bedded, laminated lydites, 9–10 m thick.
This is overlain by 2.5–3-m-thick thinly to mediumbedded micritic limestones, which is followed by a
second lydite horizon, 10 m thick. This second lydite
horizon passes up into yellowish, reddish purple
shales with lydite intercalations. In its outcrops on
Büyükada and the Tuzla Peninsula the Yürükali
Member contains variegated shales and intercalated
thin limestone beds (Figure 30b) and towards the
upper levels contains increasingly pinker, brown
shale and siltstones. In its large outcrops around
Yelken Hill northeast of the village of Denizli Köyü,
the Yürükali Member contains flattened phosphatic
chert nodules in the lydites and siliceous shales.
The Ayineburnu Member – The Ayineburnu Member
consists of an intercalation of grey, brown, pink,
thinly- to medium-bedded nodular limestone, clayey
limestone and shale (Figure 30c). It was named by
Kaya (1973) after Cape Ayineburnu on Büyükada
and corresponds to the ‘Denizli beds’ of the Tuzla
series of Haas (1968). The intercalation of competent
and incompetent beds has resulted in the boudinage
of the limestone beds during the diagenesis. The
series, because of its high ductility, shows frequent
disharmonic folding. The Ayineburnu Member can
be confused in some exposures with the nodular
limestone sequences of the Denizli Köyü and Pelitli
formations; it can be differentiated from these
sequences by its thinner bedding and higher shale
content, smaller nodules and rare presence of lydite
bed intercalations and by its stratigraphic position.
The Ayineburnu Member is about 50 m thick.
It is well exposed along the D100 (E5) highway at
the entrance to Gebze, on Cape Ayineburnu on
Büyükada, in the Beylerbeyi region, along the TEM
motorway northeast of Gebze close to the Arapçeşme
locality near the Gebze viaduct, beside the Denizli
reservoir, near Beylerbeyi and between ArnavutköyRumelihisarı.
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The Baltalimanı Member – The Baltalimanı Member
is made up mainly of lydites with thin siliceous
shale intercalations. Penck (1919) studied the unit
as the ‘Kiesel-schiefer Horizont’ and considered
it to be the base of the ‘Devonian’ Thracian Series.
Paeckelmann (1938) mapped the unit as Upper
Devonian ‘Lydite and laminated shales’. Okay (1947),
observed radiolaria for the first time in the lydites
and suggested an organic origin. Mc Callien (1947)
stated the resemblance of the Baltalimanı Member
to similar Lower Carboniferous cherts in Britain but
both he and Okay (1947) regarded the lydites to be
of Middle Devonian age. The Early Carboniferous
(Visean) age of the radiolaria was first shown by
Abdüsselamoğlu (1963), who described the unit as
chert. Baykal & Kaya (1963) described the series as
Lower Carboniferous radiolarite.
Haas (1968) studied the unit as the ‘Yelken-Tepe
beds’ after Yelken Tepe (hill) (15650–33750) north
of the village of Denizli. However, the lydites in
this locality are part of the Yürükali Member. Kaya
(1971) and Önalan (1981) used the name Baltalimanı
Formation for the lydites of the Baltalimanı Member.
However, as discussed above, the Denizli Köyü
Formation contains lydites at different horizons, and
it would lead to confusion if only the uppermost
lydite horizon were to be given a formation status.
Therefore, Baltalimanı was used as a member term
rather than formation name.
Suitable sections of the Baltalimanı Member
exists beside the Denizli reservoir close to the
reservoir axis 2 km northeast of the village of Denizli
(15350–30900) and in the Baltalimanı region on the
western side of the Bosporus along road cuts in the
Pınar mahalle between coordinates 70430–53410
and 70320–53580.
The Baltalimanı Member consists mainly of
lydites; in its upper parts there are also intercalations
of shale and siliceous shale. Lydites are black, dark
grey, thinly bedded, locally laminated with a light
grey, brown alteration colour (Figure 30d). In
thin section they contain microcrystalline quartz,
radiolaria, sponge spicules and fine plant fragments
(Kaya 973). Spherical phosphatic chert nodules
1–5 cm across, are common in the lydite beds. The
nodules are black, dark grey, rich in radiolaria and
locally contain macrofossil fragments in their cores.
Abdüsselamoğlu (1963) noted that they are rich in
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phosphorus. Between the lydite beds there are dark
grey thin shale, and siliceous shale intercalations,
ranging in thickness from a fraction of a millimetre
to a few centimetres. The proportion of shale
increases upwards in the sequence, and a shale-lydite
intercalation becomes dominant in the upper parts of
the Baltalimanı Formation.
In the outcrop beside the Denizli Köyü reservoir,
lydites of the Baltalimanı Member contain a 2.5 m
thick, black to dark grey limestone horizon of thinlyto medium-bedded micrites.
Baltalimanı lydites show tight disharmonic
folding not observed in the under and overlying units
and possibly related to diagenesis. The Baltalimanı
and Yürükali members can be confused in the field
as both comprise similar lydites. Apart from their
separate stratigraphic position, the Yürükali Member
contains a variable amount of shale, which has a
characteristic variegated alteration colour (pink,
yellowish, grey), and locally thin limestone interbeds;
in contrast the Baltalimanı Member has less shale, has
a monotonous grey colour and abundant phosphatic
nodules in certain horizons. The phosphatic chert
nodules in the Baltalimanı lydites are generally
spherical, whereas those in the Yürükali Member are
flattened.
The Baltalimanı Member is about 40 m thick
around the Denizli Köyü reservoir and Pınar hamlet.
Contact Relations and Thickness of the Denizli Köyü
Formation – The Baltalimanı Member conformably
overlies the nodular limestones of the Ayineburnu
Member with an intercalation of nodular limestone
and lydites at the contact. The thickness of the
Baltalimanı Member is difficult to estimate because
it is tightly folded. Its thickness has been estimated at
50 m by Haas (1968), 30 m by Önalan (1981), and 25
to 75 m by Gedik et al. (2005). In its outcrops around
the Denizli Köyü reservoir and at Pınar hamlet, the
Baltalimanı Member is about 40 m thick; although
relatively thin, the Baltalimanı Member has a great
lateral continuity as shown by its outcrops in the
widely separated areas of Baltalimanı, Beykoz, Denizli
village and Şile; in all these localities it has the same
stratigraphic position. It has also outcrops on the
western side of the Bosporus between Arnavutköy-

Rumelihisarı-Baltalimanı and on the Anatolian side
in the Acıbadem-Bağlarbaşı region.
A complete thickness of the Denizli Köyü
Formation cannot be measured as no section exposes
both its lower and upper contacts. In its type section,
which contains the whole sequence except the main
part of the Baltalimanı Member, it is about 130 m
thick. Including the Baltalimanı Member it is about
170 m thick.
Age of the Denizli Köyü Formation – Gandl (1973)
described Early Eifelian trilobites from the Tuzla
Member in the southwest of Büyükada. At the
same locality Kullmann (1973) described goniatites
characteristic of the Emsian–Eifelian transition 1.8
m above the basal contact of the Tuzla Member,
Middle–Late Eifelian and Late Eifelian goniatites, 25
m and 26–35 m above the basal contact, respectively.
Abdüsselamoğlu (1963) reported Emsian–Frasnian
conodonts and Middle Devonian ostracods from
the limestone of the Tuzla Member from the Gebze
region.
• Limestones of the Tuzla Member from Cape
Tuzla contain Eifelian–Early Givetian conodonts
(Haas 1968). A sample taken from the upper
parts of the Tuzla Limestone Member during
the microzonation project of the İstanbul
Metropolitan Municipality Directorate (IBB), from
the southern part of the campus of the Naval War
Academy (sample G 792 B-20 / 50434) contained
Late Emsian (Early Devonian) conodonts
Polygnathus inflexus, Belodella sp. according to
the determination of Şenol Çapkınoğlu (KTÜ)
(Özgül 2009). A limestone sample from the well
090452N-1 drilled in Tuzla in the Tuzla Member
contained the Givetian (Middle Devonian)
conodonts: Polygnathus varcus, Polygnathus
linguiformis linguiformis and Icriodus aff. I. brevis.
• A sample from a thin limestone bed intercalated
with the lydites in the Yürükali Member
contains, according to the determinations of
Yakut Göncüoğlu, Frasnian conodonts: Icriodus
brevis, Polignathus lodinensis and Palmatolepis
cf. Ljaschenkoae. Givetian conodonts reported
from the limestone samples collected from the
campus of the Naval War Academy in Tuzla are:
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Polygnathus xylus xylus; Polygnathus linguiformis
linguiformis, Klapperina disparilis, Klapperina
disparalvea, Klapperina disparilis and Polygnathus
dengleri.
• Dean & Gandl (1972, in Kaya 1973) described an
Early Famennian trilobite from the basal part of the
Ayineburnu Member in Çamlık. Abdüsselamoğlu
(1963) reported Famennian conodonts from
nodular limestones of the Ayineburnu Member,
from samples collected 200 m west of Küçükyalı
station. According to Haas (1968) nodular
limestone from Küçükyalı contains a trilobite
(Phacops (Trimerocephalus) mastophthalmus) of
Late Frasnian–basal Early Famennian age. Haas
(1968) also described topmost Late Eifelian–Late
Devonian conodonts (Upper triangularis zone)
from nodular limestones of the Ayineburnu
Member from the Darıca junction of the D100
(E5) highway. Therefore, Haas considered that
the age of the Denizli Köyü Formation ranges
from topmost Eifelian to basal early Famennian.
An Early Famennian trilobite, Trimerocephalus
mastophthalmus, was described by Kaya (1973)
from the southwestern coast of Büyükada. From
the same locality Çapkınoğlu (1997) described
Middle Famennian (Upper rhomboidea and Lower
marginifera zones) conodonts. Çapkınoğlu (2000)
also described Late Devonian conodonts (middle
and upper expansa zones) from the Ayineburnu
Member from northeast of Denizli village. From
the same region Göncüoğlu et al. (2006) reported
Frasnian and Famennian conodonts.
Middle Tournaisian conodonts have been found
in the nodular limestone beds in the transition
zone between the Ayineburnu and Baltalimanı
members (Göncüoğlu et al. 2004). The Devonian–
Carboniferous boundary appears to lie within the
Ayineburnu Member.
Abdüsselamoğlu (1963) reported Early Visean
radiolaria from Baltalimanı Member lydites from
the Gebze region. Holdsworth (1973) also correlated
the radiolaria in the phosphatic nodules with the
equivalent Lower Visean nodules in France, but
he also suggested that the age of the lydites can
extend to the Tournaisian, since the overlying
Acıbadem Member of the Trakya Formation was of
Late Tournaisian age. Noble et al. (2008) dated the
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radiolaria in the Baltalimanı Member as Middle to
Late Tournaisian in age.
In conclusion the basal part of the Denizli Köyü
Formation, corresponding to the Tuzla Member, is of
Late Emsian to Frasnian age, the Yürükali Member is
Late Givetian to Frasnian, the Ayineburnu Member
is Late Famennian–Middle Tournaisian and the
Baltalimanı Member is Middle–Late Tournaisian in
age. Hence the Denizli Köyü Formation ranges in age
from Late Emsian to Tournaisian.
Depositional Environment of the Denizli Köyü
Formation – Limestone, nodular limestone, and shaly
limestone intercalated with shale form the dominant
rock types of the Denizli Köyü Formation. The
limestone is micrite, biomicrite with coarse sand size
macrofossil fragments; such features are characteristic
of open shelf continental margin environments. The
lydites in the Ayineburnu and Baltalimanı members
imply a source with high silica input, possibly related
to extrabasinal siliceous volcanism.
Trakya Formation
The Trakya Formation consists predominantly of
an alternation of sandstone, siltstone and shale;
in its lower parts there are limestone horizons of
various thicknesses and in its middle and upper
parts conglomerate lenses. As it covers large areas
on the European side of the Bosporus, it was
studied by various geologists as the Thrace Series
(Thrazische Serie). Penck (1919) interpreted the
Trakya Formation as a continental series laterally
equivalent to the fossiliferous Devonian sediments in
Pendik and along the Bosporus. Unlike Penck (1919),
Paeckelman (1925, 1938) regarded the series as marine
and coeval with the ‘Nierenkalk-Kieselschiefer’. He
pointed the resemblance of the Trakya Formation to
the Kulm series in Germany but stated that it starts
around the village of Çiftalan with fossiliferous shales
with a Early–Middle Devonian fauna and passes into
the Upper Devonian beds. Yalçınlar (1951) was the
first to indicate an Early Carboniferous age for the
Trakya Formation by showing that the limestones
in the Cebeciköy, which he regarded as forming the
base of the series, contained Lower Carboniferous
corals and microfauna. Baykal & Kaya (1963) for
the first time studied the Trakya Formation under a
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lithostratigraphic framework and subdivided it into
members and indicated a Visean age based on flora.
Haas (1968) studied the series in the Gebze region
as the Lower Carboniferous ‘Ober Thrazische Serie’.
Kaya (1971) named the clastic series, regarded as
ca. 2000 m thick, as the Trakya Formation, which
he subdivided into the Acıbadem, Küçükköy and
Çamurluhan members. He stated that within and
above the ‘Trakya Formation’ there are Heybeliada
limestone and Cebeciköy limestone, Gümüşdere,
Çiftalan, Değirmendere and Uskumruköy formations
of Carboniferous age.
The name ‘Thrazischen Stufe (Thracian stage)’
was used by Hochstetter (1870; in Penck 1919) and
Lebküchner (1974) for the Neogene conglomerates
widespread in the Belgrade forests north of İstanbul.
Umut et al. (1984) used the name Trakya Formation
for the Upper Miocene–Pliocene Neogene sediments
in Thrace. However, since the name Trakya Formation
for the Carboniferous clastics is entrenched in the
geological literature (Baykal & Kaya 1963; Haas 1968;
Kaya 1973; Tüysüz et al. 2004), it is also followed here.
In the present study the Trakya Formation is
subdivided into the Acıbadem, Cebeciköy Limestone,
Kartaltepe and Küçükköy members (Figure 31).
Acıbadem Member – The Acıbadem Member is
made up of shale with rare siltstone and fine-grained
sandstone intercalations and forms the basal part of
the Trakya Formation (Figure 32a). It was named
by Kaya (1971) from the Acıbadem district on the
Anatolian side of the Bosporus. The clastic rocks of
the Acıbadem Member are black to greenish dark
grey, thinly bedded and are intercalated with black
to dark grey micritic limestone beds, 20–30 cm thick.
The lower part of the Acıbadem Member can be
observed along the road cut close to the Acıbadem
crossing of the E5 (D100) highway. In this road cut
the Acıbadem Member starts above the lydites of
the Baltalimanı Member as shales with siltstone,
thinly-bedded sandstone and thin lydite beds; in the
upper levels there are dark grey bioclastic limestone
horizons, ca. 2.5 m thick. The basal shales of the
Acıbadem Member are locally rich in coalified plant
debris, for example around the Denizli reservoir.
A 500-m-thick section of the Acıbadem Member
is exposed on the right side of the Şamlar village

reservoir, along the upstream section, where greenish
grey siltstone and shales intercalated on a centimetre
scale comprise 5-10-cm-thick fine-grained sandstone
beds. Upstream they pass up into coarse micaceous
sandstones of the Küçükköy Member. In this section
the Kartaltepe Member is missing and a limestone
horizon, equivalent to the Cebeci Limestone Member
is not found, either due to lensing out or it may exist
at a lower stratigraphic position, not exposed.
The basal contact of the Acıbadem Member is also
exposed in the Gebze region along the right side of
the valley south of the E5 highway. Here the member
overlies the Baltalimanı lydites with 50 m of micaceous
black to dark grey shales with rare sandstone and
thin dark grey micritic limestone beds, less than 10
cm thick. Higher in the sequence the proportion of
fine- to medium-grained sandstone beds increases.
This 200-m-thick series of the Acıbadem Member is
conformably overlain by a thickly-bedded, micaceous
pebbly sandstone series corresponding to the base of
the Küçükköy Member: the Kartal Tepe Member is
also missing from this section.
The thickness of the Acıbadem Member varies
from place to place. In a stratigraphic section Kaya
(1971) showed its thickness as 86 m and pinching
out laterally between the Baltalimanı and Küçükköy
members. However, in outcrops in the Gebze-Denizli
Köyü region, the thickness of the Acıbadem Member
is much greater: for example along the Şamlar
reservoir it has a minimum thickness of 500 m. In
contrast, it is only 200 m thick south of Gebze.
The Cebeciköy Limestone Member – As the name
implies the Cebeciköy Limestone Member consists
completely of limestone. It was named by Kaya
(1971) as the Cebeciköy Limestone Formation.
However, the Cebeciköy Limestone occurs within
the Trakya Formation in a limited number of lenses
and therefore is more suitable as a member rather
than as a formation (Özgül 2005). The outcrops of
the Cebeciköy Limestone have been quarried for
a long time; the limestones in these quarries are
black, dark grey, medium to thickly bedded and
highly bituminous. The dominant rock types are
micrite, foraminiferal micrite, algal micrite and
biomicrite (Figure 32b). Locally the limestones show
dolomitization and recrystallization. In some of the
Cebeciköy quarries there are dark grey limestone
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Figure 31. Generalized stratigraphic section of the Trakya Formation.
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Figure 32. Photographs from the Trakya Formation. (A) Shale and siltstones, which form the dominant lithology in the Acıbadem
Member, the right (east) margin of the Sazlıdere dam. (b) Limestones of the Cebeciköy Limestone Member in the Cebeciköy
quarries. (c) Shales with thin lydite intercalations of the Kartaltepe Member, southeast of Gümüşdere village. (d) Turbiditic
sandstone-shale intercalation of the Küçükköy Member, around the Alibeyköy reservoir.

horizons, 5–6 m thick, with black chert interbeds
and nodules. Similar dark nodular limestones with
5–10-cm-thick black chert interbeds crop out south
of the grounds of the Gebze Plastik Sanayi.
The stratigraphic position of the Cebeciköy
Limestone Member within the Trakya Formation
is not clear due to insufficient outcrop. Kaya
(1971) stated that the Cebeci Limestone Member is
underlain by shales of what he called the Çamurluhan
Member. An approximately 50–60-m-thick section
of the Cebeci Limestone Member crops out in
the Cebeci quarries in the core of a large anticline;
no base to the limestones is exposed. The Cebeci
Limestone Member lies stratigraphically below the

surrounding Acıbadem Member in these quarries.
However, in outcrops where a large part of the lower
sections of the Trakya Formation is exposed, no thick
sequences of limestone, equivalent to the Cebeci
Limestone Member, are seen. Only in the upper
levels of the Acıbadem Member are there limestone
intercalations, ranging in thickness from 10–15 cm
to 5–10 m, for example in the region south of Gebze
Plastik sanayi bölgesi. Such observations suggest
that the Cebeci Limestone Member shows lateral
and vertical transition to the clastic rocks of the
Acıbadem Member and locally, as in the Cebeciköy
quarries, forms thick lenses. The minimum thickness
of the Cebeci Limestone Member, seen in the Cebeci
quarries is 50–60 m.
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The Kartaltepe Member – Paeckelman (1938) described
lydites from south of Gümüşköy-Çiftalan villages,
which he called the ‘Nierenkalke-Kieselchieffer-Serie’.
This sequence of shales with lydite intercalations was
studied as the Kartaltepe Member by Kaya (1971);
the name being derived from the hill south of the
village of Gümüşdere. For the type locality of the
Kartaltepe Member, Kaya (1971) gave the Değirmen
brook in the same region with coordinates 64.7–66.0.
These lydites are different from those in the Yürükali
and Baltalimanı members; they are black, dark grey,
thinly bedded, laminated and intercalated with shales
(Figure 32c); the intercalated shales are green, black,
dark grey and thinly bedded. The Kartaltepe Member
is represented by an intercalation of lydite and shale
south of Gümüşdere and by predominantly yellowish
brown shales in the Cebeciköy quarries. The thickness
of the Kartaltepe Member is about 30 m.
The Kartaltepe Member conformably overlies the
fine-grained clastic rocks of the Acıbadem Member
around the village of Gümüşdere köyü, and above the
thinly- to medium-bedded limestones of the Cebeci
Limestone Member in the Cebeciköy quarries. This
difference is probably due to complex interfingering
between the different members rather than due to an
unconformable base.
The Küçükköy Member – The fine-grained clastic
rocks of the Acıbadem Member, mainly shales and
siltstones, are overlain by a thick turbiditic sequence
of micaceous coarse-grained sandstone and shale.
Kaya (1971) named the outcrops of this facies
around Küçükköy west of Bosporus the Küçükköy
Member and those around Gümüşdere village the
Gümüşdere Formation. As these stratigraphic units
do not have any marked lithological differences,
Özgül (2005) considered them as a member within
the Trakya Formation. As the outcrops around
Küçükköy, especially those around the stadium, are
clean and extensive and unlikely to be covered in
the foreseeable future, the name Küçükköy Member
is used for the unit. The turbiditic sandstones and
shales east of the quay at Harem are also part of the
Küçükkuyu Member.
The Küçükköy Member consists of a turbiditic
sandstone and shale intercalation (Figure 32d) with
conglomerate lenses The sandstones are greenish,
dark grey with a reddish brown alteration colour,
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thinly to very thickly regularly bedded (between 5
and 50 cm) and locally laminated. Petrographically
the sandstones of the Trakya Formation are
feldspathic to lithic greywackes and subgreywackes
with poorly sorted, angular to subangular grains in
a voluminous chloritic matrix (N. Okay et al. 2011).
The sandstones of the Trakya Formation generally
consist of approximately equal amounts of feldspar,
quartz and lithic fragments. The most common lithic
grains are slightly metamorphosed fine-grained
andesite to trachyte followed by metamorphic clasts,
mainly phyllite, muscovite schist, chlorite schist and
quartz-mica schist. The sandstones show parallel and
cross bedding, grading and convolute lamination
and Bouma sequences. With such sedimentological
features the sandstones of the Küçükköy Member can
be readily distinguished from the clastic rocks of the
Yayalar, Pendik and Denizli Köyü formations. The
shales between the sandstone beds are black to dark
grey and can make up to 50% of the sandstone-shale
series.
The Küçükköy Member locally comprises
conglomerate lenses representing channel fills.
These conglomerates, which interfinger with coarse
sandstones are brown, greenish grey and contain
well rounded, medium sorted, 1–30 mm large clasts
of quartz, quartzite and black lydite in a coarse
sandy matrix. Kaya (1971) mentions that these
conglomerates also contain rare metamorphic rock
clasts.
As the Küçükköy Member is overlain by Triassic
to Neogene units, its full thickness is not known.
Furthermore, the Küçükköy Member is strongly
deformed and possibly repeated. Its thickness is
thought to exceed 1000 m.
Contact Relations and Thickness of the Trakya
Formation – The Trakya Formation conformably
overlies the Denizli Köyü Formation. In the type
section of the Acıbadem Member, the lydite beds of the
Baltalimanı Member of the Denizli Köyü Formation
contain upwards in an increasingly shaly sequence
and gradually pass up into the shale-siltstone-finegrained sandstone and lydite series of the Acıbadem
Member. The oldest unit lying unconformably above
the Trakya Formation in the study area, is the red
continental sandstones and conglomerates of the
Permian (?)–Lower Triassic Kapaklı Formation.
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Because of strong folding and faulting there is no
single continuous section of the Trakya Formation
and, hence the thickness of the unit is not very
well known; even the thicknesses of the members
are interpretational and speculative. Within these
uncertainties a thickness exceeding 1500 m can be
envisaged for the Trakya Formation.
Age of the Trakya Formation – Fossils are very rare
in most of the clastic rocks of the Trakya Formation.
Therefore, most early workers, including Penck (1919),
Paeckelman (1925, 1938) and Okay (1947), envisaged
a Devonian age for the Trakya Formation, regarding it
as the lateral equivalent of the fossiliferous Devonian
clastic rocks on the Anatolian side of the Bosporus.
Microfauna and flora are found in the lower parts
of the Trakya Formation in limestones and shales.
Yalçınlar (1951, 1954) was the first to describe Late
Carboniferous fossils from these levels, including
microfossils and Visean corals from the Cebeci
Limestone Member from the Cebeciköy quarries.
From the same limestone quarries Baykal (1963)
also described an Early Carboniferous microfauna.
Yalçınlar (1954) mentioned a flora characteristic for
the continental Early Carboniferous in the shales of
the Acıbadem Member 300 m south of Cebeciköy.
Baykal (1963) also described a Visean flora from the
sandstones of the Trakya Formation.
Algae and foraminifera characteristic for the
end of Tournaisian are described from the type
section of the Acıbadem Member (Kaya 1971), and
Mamet (1973) described a microfauna and flora
typical of the Tournaisian–Visean boundary from
the thin limestone interbeds within shales around
the village of Denizli. Orbiculoidea davreuxiana and
O. tornacencis, characteristic for Late Tournaisian,
were described from the lowest parts of the shales at
Denizli village by A. Baysal (in Kaya 1973).
The shales of the Acıbadem Member, especially
at lower levels, contain abundant plant debris. Wellpreserved plant material can be found at the Denizli
village reservoir; plant fossils from a shale sample
from this locality were identified as Cyglostigma
Hercynium by S. Yanev of the Bulgarian Academy of
Sciences (personal communication 2006). Kaya &
Mamet (1971) made a detailed biostratigraphic study
of a limestone sequence in the Cebeciköy quarries.

They determined a fauna and flora ranging from
Middle Visean to Late Visean in age.
A limestone sequence on Heybeliada, which can
be correlated with the Cebeci Limestone Member
but was named as the Heybeliada Limestone by Kaya
(1971), was studied for its microfauna by Mamet
(1973) and was shown to be late Early Visean in age.
Göncüoğlu et al. (2006) described Middle (?)–Late
Visean fauna from the Cebeci Limestone Member
and Visean foraminifera from the limestone beds
in shales of the Acıbadem Member in the grounds
of the Gebze plastic industry. In conclusion, the
palaeontological data indicate a Late Tournaisian to
late Visean age range for the Trakya Formation.
Depositional Environment of the Trakya Formation –
The Cebeci Limestone Member with its foraminiferal
and algal micrites and biomicrites reflects open shelf
conditions. The lydites of the Kartaltepe Member
imply a high silica input. However, the turbidites of
the Küçükkuyu Member, which make up most of the
Trakya Formation, reflect an unstable depositional
environment with mass currents and mass flows. The
absence of Permian marine deposits in the region,
and the presence of Permian (?)–Lower Triassic
continental red sandstones and conglomerates
(Kapaklı Formation) indicate that the tectonic
movements leading to the deposition of the turbidite
currents eventually resulted in the uplift and erosion
of the region.
Some Structural Features of the Palaeozoic of
İstanbul
The Palaeozoic sequence of the İstanbul region has
been affected by several phases of deformation in the
Carboniferous–Neogene interval. A detailed analysis
of the structures of the Palaeozoic rocks of İstanbul
is outside the scope of the present work. However,
some major structural elements, which emerged
during our study are: (i) The contact relations of the
large outcrops of the Ordovician Aydos and Kurtköy
formations with those of the Silurian to Lower
Carboniferous sequences indicate the presence of
large faults with major throws. (ii) Observations in
temporary excavations and in quarries have shown
the prevalence in Palaeozoic rocks of faults with
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E–W, N–S, NE–SW and NW–SE strikes. Such faults
range from minor fractures to regional faults several
kilometres long. (iii) In large fault zones, the faults are
generally vertical to steeply-dipping; this is indicated
by the linear trace of the faults and by wells drilled
in the İBB project to test the dip of the fault planes.
Changes in the strikes of such large faults are abrupt.
(iv) Asymmetric folds and reverse faults are widely
developed in formations rich in shale such as the
Pendik and Trakya formations (Figure 33). Strong
deformation and the injection of limestone blocks
along reverse faults in the shales of the Kartal Member
of the Pendik Formation indicate compressional
deformation affecting the Palaeozoic sequence. (v)

An E–W compressional deformation is indicated by
the north–south alignment of the hills made up of
the Aydos Formation, such as the Çamlıca Tepeleri,
Aydos Dağı and Kayış Dağı, by the common presence
of thrusts and shear zones with north–south strikes
and the presence of N–S-trending asymmetric folds
(Figure 33). There are no direct data providing the
age of this deformation. However, north–southtrending asymmetric folds and thrusts are not seen in
the Triassic rocks overlying the Palaeozoic sequence.
Furthermore, the termination of the İstanbul
Palaeozoic sequence by the Lower Carboniferous
flysch, reflecting an unstable depositional
environment, the uplift during the Permian (?)–

a

b

c

d

Figure 33. East-verging asymmetric folds with approximately north–south-trending axes and associated thrusts in the Palaeozoic
sequence of İstanbul. (a, b) are from the southern flank of the Küçüksu valley; (c) is in shales of the Kartal Member as seen
in the road construction along the Kartal-E5 (D100) highway; (d) shows west-verging asymmetric folds and thrusts in the
lydites (Baltalimanı Member) along the Yumru Dere valley south of the Gebze Plastik Sanayi.
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Figure 34. Geological map and cross-section of the region around the Çamlıca hills.
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Early Triassic, the angular unconformity between the
Palaeozoic and Triassic sequences and the presence
of the Permian Sancaktepe granitic intrusion (Bürküt
1966; Yılmaz 1977) indicate a Variscan deformation
affecting the region. (vi) The İstanbul region became
a peneplain in the recent geological past, which
resulted in resistant lithologies such as quartzites
forming hills. Compared to that of the younger units
of the Palaeozoic sequence, the outcrop pattern
of the arkosic rocks constituting the lower part of
the sequence does not exhibit relationships typical
of nappe tectonics and constitutes an obstacle to
the existence in the region of rock bodies which
underwent large scale horizontal transport. The
outcrop distribution of the Ordovician formations,
made up of resistant lithologies and those of the
overlying formations, make the recognition of nappe
and thrust contact in the İstanbul region problematic.
The case of the Çamlıca hills, which constitutes a
good example, is discussed below.
The Küçük Çamlıca (228 m) and Büyük Çamlıca
(263 m) hills, east of the Bosporus, are made up of the
Ordovician Kurtköy and Aydos formations, which are
in contact along their eastern and western boundaries
with Devonian and some Silurian sequences (Figure
34). These contacts are interpreted differently by
different authors. Penck (1919) and Paeckelmann
(1925) regarded the quartzites as lying with angular
unconformity over the Devonian clastic rocks and
hence considered the quartzites to be younger than
Devonian. Paeckelmann (1938) considered the
quartzites north of Pendik as intercalated with the
Upper Silurian series and hence of Silurian age, and
regarded the contact between the quartzites and
the Devonian series in the Çamlıca hills as steeply
dipping faults. McCallien & Ketin (1947) interpreted
the quartzites in the Çamlıca hills as klippen; Altınlı
(1954) disagreed with this view and considered
mosaic faulting as being responsible for the complex
structure of the Çamlıca hills. T. Ustaömer (1984)
noticed that the Çamlıca quartzites were internally
sliced and followed the interpretation of McCallien
& Ketin (1947).
Wells have been drilled in the Çamlıca hills during
the İBB project in order to understand the complex
tectonics in the region (Figure 35). The 1020371D1 well, drilled in the quartzites in the saddle north
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of Küçük Çamlıca hill (Kısıklı neighborhood),
intersected 15 m of quartzite followed by 200 m of
Ordovician arkoses (Kurtköy Formation). The well
was terminated in the arkoses 30 m below sea level.
However, outcrops of the Silurian and Devonian
strata around the Ordovician quartzites in the
Çamlıca hills go up to 150–160 m above sea level. The
wells 1070371D-1 and 1070372D-1 drilled on the
western slope of Büyük Çamlıca hill at altitudes of
210 and 194 m, respectively, only penetrated arkoses
to depths of 150 m and 100 m, respectively. Data from
these wells indicate that the quartzites and arkoses of
the Çamlıca hills do not form klippen.
Two wells 1060369D-1 and 1060369D-2 were
drilled at altitudes of 145 m and 141 m, respectively,
400 m west-southwest of well 1070371D-1. Well
1060369D-1, which started in arkoses of the Kurtköy
Formation, penetrated 6.5 m of the arkose and then
156 m of limestone of the Devonian Tuzla Member.
Well 1060369D-2 drilled 10 m west of the previous
one was inclined at 35°E. It started in the limestones
of the Tuzla Member and progressed through the
same limestones for 155 m, below the arkoses of
the Kurtköy Formation. Well 1060370D-1 drilled
in quartzites of the Aydos Formation 250 m east
of the previous wells penetrated arkoses for 100 m.
Data from these three wells indicate the presence
of a 35°E dipping thrust (Çamlıca thrust) between
the Ordovician arkose-quartzite and Devonian
limestones along the western margin of the Çamlıca
hills. The fault, which juxtaposes the quartzites and
arkoses on the eastern margins of the Çamlıca hills
above the younger Palaeozoic formations (Pendik
and Pelitli formations) was called the Ümraniye
Fault. The Ümraniye Fault strikes broadly north–
south but makes many kinks, possibly due to several
subsidiary transfer faults (Figure 35). Wells drilled
near the Ümraniye Fault have shown it to be a
major steeply dipping or vertical strike-slip fault,
unlike the moderately dipping Çamlıca thrust.
Borehole 1070375N-1 drilled in the Gözdağ Member
near this fault that brings Gözdağ Member of the
Yayalar Formation in contact with the shales of the
Kartal Formation, entered quartzites of the Aydos
Formation at 35 m without encountering any fault
plane; although it was located in a favorable position
to cut the Ümraniye Fault if it had had a dip of over
70°. Another borehole (1070375H-1) situated on the
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quartzites of the Aydos Formation drilled 40 m in
quartzites and did not encounter a fault plane either.
However, the 30 m deep borehole 1080375N-1,
situated on the shales of the Kartal Formation, at an
elevation of 170 m and located 100 m from the above
mentioned boreholes, cut only the Kartal Formation
along its full depth. Furthermore, although the 38 m
deep borehole 1050374N-1 situated at an elevation of
171 m cut first the shales of the Gözdağ Formation,
then continued in the quartzites of the Aydos
Formation, the 90 m deep borehole 1060375D1 located at an altitude of 164 m and at a distance
of 100 m east of Borehole 1050374N-1, penetrated
first the shales of the Kartal Formation and then
limestones of the Pelitli Formation. Data from these
closely spaced boreholes confirm that, contrary to
the low-angle fault bounding the Çamlıca Hills from
the west, the Ümraniye Fault must dip steeply. Taking
into account its rectilinear nature, even a strike-slip
character could be ascribed to it.

fossil-rich micaceous shales with rare limestone
intercalations representing a low-energy open shelf
environment (Pendik Formation, Lower–Middle
Devonian) and nodular limestones formed in an
open shelf to slope setting (Denizli Köyü Formation,
Upper Devonian–Lower Carboniferous) were
deposited. Lower Carboniferous black lydites, which
form horizons within the Denizli Köyü Formation,
and also constitute a marker horizon at the top of the
formation, indicate a source with a high silica content.
The basin, which was tectonically stable from the
Ordovician to the beginning of the Carboniferous,
accumulated turbiditic flysch deposits (Trakya
Formation) during the Early Carboniferous and
became tectonically active. Tectonic movements in
the Carboniferous–Permian period resulted in the
intrusion of the Permian Sancaktepe granitoid and in
the uplift and erosion of the area.

The well data have shown that the Çamlıca hills
do not form klippen. They are bound in the west by a
35°E dipping thrust (Çamlıca thrust) and in the east
by a younger subvertical strike-slip fault (Ümraniye
Fault).
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